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@ Amioopolycafboiryllo aclda and dartvatlvaa tharaof. 

(S) Thara aro pfovtdod chelating agentt panicularly uaoful for 
tK« proparattoo of diagnostic and therapautlc agents for 
nr\agn«tk: resonance Imaging, scintigraphy, ultrasound Imaging, 
radtotherapy and heavy metal detoxtflcatlon, said agents being 
compour>ds of formula I 

X-CHRi.N2-(^CHR,)«-A.(CHRi)«-NZ.CHRrX (() 
(wherein each of the groups Z Is a group -CHRiX or the groups 
Z together are a group -(CHRi),.A'.(CHRi),-. where A' Is on 
oxygen or sulphur atom or a group -N-Y; 
A Is a group -N-Y or A-(CHR,)«- represents a carbon-nltrogen 
t>ond or. when the groups Z together are a group 
-(CHRi)q-A'-(CHRi),-. A may also represent on oxygon or 
sulphur atom; 

each Y. which may be the same or different Is a group 
-(CHR,)p-N(CHRtX)2 or a group -CHR,X; 
each X. which may be the same or different. Is o carboxyi group 
or a deriyptive thereof or a group Rc 

oach_Ri.^whtarwnay_be_lhe_same-or_dmorent.-la.aJiyd^ 

atom._aJiydroxyan<yl_g^ 

or alkoxyalkyf_ groyB;, 

n.m.p.q and r are each 2.3 or 4; with the provisos that at iensl 
two nitrogens carry a -CHR,X moloty wherein X Is a carboxyi 
group or a derlvallve thereof, that each -CHRiX moiety is other 
than a methyl group, and that unless A' is sulphur or A Is 



N-(CHR()p-N(CHntX)j at least one Ri is otrxr tnan hydrogen 
and that where A and A' ore groups NCHR,X at toast one 
CHRiX group Is other than o CHjX^ grovp (wherein X^ 
represents a caboxyl group or a dertvativ* trioreof or a 
2-hydroxyethy! or 2.3-dlhydroxypropy1 grcxjo)) and salts 
thereof. 
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0«B0Hptlon 

Aminopotyoarboxyllo aolda and d«rlvatlv«« th«r«of 

Tho pro»onl invonllon rolatos lo cortoln ch*»lotlno ogonts. In parlloulor omlnopoly(c*rt30Mylic acuJ or 
curboxyllc odd dorlvallvo} oompounda. ond lo Iho motot cholatos Ihoroof. 

Tho modicat uao of cholyling oaonl» la woll oolobllahod. for oxampio as alablllzors fo^ pharmncnullcnl 
propttfttlona, a» antldotoa for polionoua hoavy molfti ipooloa and as dlognoalio agonta for tr>« adminiatrolion 
of motal tpoolot |o.g. lont or atom*) for diagnoallo toohntquoa auch aa X-ray. magr^otlc raaonanco imaging 
(MRI) or ultraaound Imaging or scintigraphy. 

Aminopolylcarboxyllo add or oarboxyllo acid dorlvatlva) (haralnaftor APCA) oholaling aganit and thoir motal 
to cholataa ara woll known and aro doacrlbod for axampio In U8-A-240764B(8arcworth). US-A.238773B 
(Borsworth). EP-A-ZINM (Schoring), EP-A-130034 (Schorlng). BP-A- 16^720 {Nycomod ASK OC-A-2918S42 
(Roxolln Chomlcals AB) and OE-A-3401062 (Schoring). 

Thua, for oxampio. EP-A-71664 dosorlboa paramognotlo motal cholatos. for which tho chol*ilng agont la 
nltrllotrlaootlc acid (NTA). N.N.N'.N'-olhylonodlamlno-totraaoollc add (EOTA), N-hydroxyothyt-N.N',N'-othy- 
15 lonodlomlno-trlocotlo acid (HEDTA), N.N.N'.N",N".dlothylonotrtamlno-pontaacotlo add (OTPAJ and N-hydrox- 
yolhyllmlno-dlacotlo acid, aa botng aultablo as contraat agonta for MRI, contrast boing ach>»v«d by Iho offoci 
of Iho magnotic fiold of Iho paramagnollc apocloa (eg. Qd(lll)) with tho cholating ogonta atrvtr^g lo roduco tho 
toxicily and lo aaaiot admtnlatrallon of that paramagnetic apocloa. 

Amongst Iho particular motal cholatos disclosed by EP-A-71W4 waa Od DTPA. Ihg ua« of ^r^ch a« an MRI 
:\) contraat agont has r ocontly rocolvod much atlontlon. Tho Od(lll) cholalo of ) .4,7. lO-totr aoiacrciododocanolo- 
Iroacotlc add (OOTA). roforrod to In DE-A-3401052 (Schoring) and In US-A-4639365 (Unlv#r»ft> of Toxaa). has 
alftu recontly rocolvod atlontlon In this rogard. 

To improvo alabllHy. wator aolublllty and aolocllvlty. rolatlvo to Iho APCA cholallng agorvit doacrlbod tn 
EP.A-71564. Schoring. In EP'A-130934, havo propoaod tho parllal substitution for tno N-oilacf>*d carboxyalkyi 
groups of alkyl. oikoxyatkyl. alkoxycarbonylalkyi or alkylamlnocofbonylnlkyl groups, whgro any amido nllrogonn 
may Ihomaolvoa carry polyhydroxyalkyi groups. 

Howovor. alt hllhorto known APCA cholating agonts and thoir motal cholatos oncountor pr oc^oma of loxicMy, 
aloblhty or aoloctlvlly ond thoro is thus a gonoral and continuing nood for APCA chnlQling »t?onts which form 
molal cholnloa of roducod toxicity or Improvod sloblUty. 
.k) Wo now proposo corlaln now Improvod toxicily APCAs, ond In particular APCAs which cjrry hydrophilic 
groups on tho amino nllrogona or on Iho otkylono cholna linking tho omino nltrogona 

V(owod from ono rtspoct. Iho prosont Invonllon thus provldoa APCA choioilng agonia vvn<^-«.n at inosi ono 
bridging group botwoon nmino nltrogona carrloa a hydrophilic moloty. proforably a hydroxyaiwy or an opiionnlly 
hydroxyialod a(koxy group, and molal cholatos and solta thoroof. 

Viowod from anolhor aspocl. tho prosont Invention provides compounds of formula i 

X-CHRi-NZ-(CHRi)n-A-(CHRi)m-NZ-CHRi-X (I) 
(whoroin onch of tho group* 2 Is a group -CHRiX or Iho groups Z togoihor aro a group -(CM? r)<,-A -(CHR i ),-. 
whcro A' l9 on oxygon or sulphur atom or a group - ti -Y; 

A .5 a group - 'i -Y or A-(CHRi)m roprosonts a carbon-nitrogon bond or. whon tho groups Z togothor nro n 
40 group -(CHRi)q-A'-(CHRi),-. A may also roprosont an oxygon or sulphur atom; 

ooch Y. which may bo tho anmo or difforont. Is a onch X. which may bo Iho some or difior^-f. 13 a cnrboxyl 
group or a dorivntlvo thoroof or o group Ri; 

oach Ri. which moy bo Ihe samo or difforont. Is^a hydrogen atom, a hydroxyalkyi grouc or sin opiionnlly 
' hydroxylatod atkoxy or oikoxyatkyl group: ~ ~ 

45 n.m:p:q-Bnd-f'aro~-oach-2;3"6r 4, prbforabty 2; 

wt!h Iho provisos that at least two nitrogens carry d -CHRiX moloty whoroin X is a cartcxyl group or n 
derivative thereof, that each -CHRiX molety js otho_r_than a methyl g roup, and that unless A' is oxygen or 
sulphur or A is N-(CHR tlo-NiCHBTXtraneasToneRi Is other than hydrogen, preferably also mat unless A' Is 
sulphur or A Is N-{CHR 1 )p"N(CHR iX)? at least one R 1 Is other than hydrogen, preferably also rr.at whore A and 

50 A' are groups NCHR,X at least one CHRiX group Is other than a -CH2X3 group (where represents a 
carboxyl group or a dorivatlvo thereof or a 2-hydroxyolhyl or 2.3-dihydroxypropyl group) anc preferably also 
thai each nilrogen atom carrying a -CHRiX moiety wherein X Is a carboxyl group or a derivatu- thereof carries 
at least one such moiety which ts other than a CHjX moiety) and metal chelates and saits thereof. 
Panicutarly preferred compounds of for;nuta I Include those of formula la 

55 X-CHRi-NZ-(CHRt)?-NY-(CHRi)2-N2-CHRi-X (la) 

(wherein each group 2 is a group -CHRiX or the groups Z together ore a group -(CHRt)?-A -(CHR t)?-: 
each Y. which may bo the same or different. Is a group -(CHRi)2-N(CHRiX)2 or -CHRiX. 
and A'.X and Ri are as hereinbefore defined) and metal chelates and salts thereof. 

' Iq lhe compounds Ot the present invention, it Is particularly preferred that one or more of :r*r -CHRi -groups 
60 in the bridges betwoen the amine nitrogens, i.e. in the groups (CHRt)n. (CHRtlrr,. (CHR-)„' (CHROq and 
(CHRi)., should carry a hydrophilic Ri group. Prior art APCAs. such as DTPA or DOT A for eiamplc. possess 
ceriarn hydrophobic areas which cause the metal chelates produced from such chelating &zents to present 
relatively lipophilic and hydrophobic zones. 
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In tht oompoundt of formula I, •ach hydrophlllo Rt group, which may bt atralght-ohaln^d or branchod, 
profarabty has a carbon atom oontant of from 1 to 0 peolatly praforably 1 to 6, carbon atoms. Tha R i groups 
may ba alkoxy, potyalkoxy« polyhydroxy-alkoxy. nydroxyalkoxyalkyi or hydroxypofyatkoxyaDcyt groups, but 
mora prafarably lhay will ba monohydroxyatkyi or polyhydroxyalkyt groups. Tho hydrophlllc Ri groups sorvo to 
Incroasa tho hydrophlllolty and raduoo tha llpophlllolty of tha matal cholatos formad with tha ch«(attng agants a 
of tha Invention and It Is prafarrad that tha compounds of formula f should contain at laast i. convonlontly 
from 1 to 12. and profarably 2 to 6 hydrophlllo Ri groups and that In totnl tha hydrophlllc Ri groups should 
contain about 6 or mora hydroxy or athar oxygan atoma. 

Aa hydrophlllo Ri groups, tha oompounda of tha Invantlon may thus Inoludo for axampla nydroxymathyl. 
2-hydroxyathyl. 1.2-dlhydroxyathyl, 3*hydroxypropyl, 2.3-dlhydroxypropyt. 2.3.4-trlhydroxyburyi. 1 -{hydroxy- to 
nr>athyt)-2-hydroxy-othyt. mathoxymathyl, athoxymathyt. 2-hydroxyathoxymolhyl, mathoxyalhorymathyl. (2-hy- 
droxy*athoxy)athyt. ato, groupa. 

Th% carboxyl dahvath^a which may ba rapraaantad by tha groups X In tha oompounda of formula I. may 
lr>cluda. for axampta, amida groups, aatar groupa and oarboxylata aalt groups, for axampla groupa of formulas 
-CONRtRi (wharoln Ri la a hydrogan atom or an optlonalty hydroxylatad alkyi, for axampla Ci-« alkyl. group m 
and Rs Is a hydrogan atom, a hydroxyl group or an optlonalty hydroxylatad alkyl group). -COOn* (wh«raln R4 Is 
an optk>nalty hydroxylatad alkyt group), and -COOM (wharain M* Is a monovalant cation or s fraction of a 
potyvalant cation, for axampla an ammonium or substltutad ammonium Ion or a matal ton, for %xMmp\m an alkali 
matal or alkallna aarth matal Ion). Partlcularty prafarabty. M* la a cation darlvtng from an organic baso. for 
axampla moglumlna. po 

It la also partlcularty prafarrad that tho numbar of tha lon-forming groups X In tho compound t of formula t bo 
chosan to aqual tha valorniy of tha matal spaclaa to bo chotatad by tha compound formula I. TNi/t. for axamplo. 
whara Qd(ttl) la to ba chalatad. tha chotating agant of formula t praforably contains thraa lon-formtng X groups, 
for axampla -COOH or *COOM. tn this way, tha matal chalato will bo formad as s nautral io«clas, a form 
proforrod stnco tha osmotic prossuras In concontratad aotutlons of such compounds sro low and sinco (heir pa 
toxicltlas ralattvo to thoir Ionic anatoguoa ara significantly roduood. 

Compounds of formula I In which all tha carboxyl or oarboxyt derlvallvo X groups sro -COOH or -COOM 
groups ara aspaclally praforrod since compositions containing such molal cholatos can roadtty bo ttorlllxod. 
for axampla by autoclavlng. 

Includod amongst tho particularly proforred cholaling agonis of formula t aro tho compoundft of formulan lb. Jo 
Ic. Id. lo and It: 
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(XRj^HC) (CHRj) 2-N(CHR^X) ^ (lb) 
5 (XRj^HC) (CHR^) 2-N- (CHR^) (CHR^X) ^ 

no 



10 



15 



CHR^X 



(XR^HC) jN- (CHRj^) 2-N-(CHRj^) j-NfCHRj^X) ^ 

(Id) 



CHRj^-CHR j-N (CHRj^X) j 



:^ CHRtX CHRiX 

CHR^-N-CHR^-CHFj^-N-CHR^^ 



(le) 



JO CHR, "N-CHR, -CHR, -N-CHR, 
CHR^X CHR^X 



CHRj^-N-CHR, -CHR, -N-CHRi 



(If) 



CFIR^-N-CHR^-CHR^-O-CHR^ 
CHR^X 



(whoroln at least 2. and preferably 3 or 4, of the X groups are lon-forming groups (for example -COOH or 
-COOM groups), preferably wherein at least one and especially preferably at least rwo Ri groups are 
50 hydrophillc groups, and particularly preferably wtierein at least one Ri group in each -{CHRt)a mole^y Is a 
hydrophillc Ri group). 

Preferred compounds of formula I include certain compounds of formulae lb to « wnerein each moiety 
-CHRiX is of formula -CH2X" wherein X" is a carboxyt group or a derivative thereol- 
Viewed from a further aspect, the Invention provides a process for the preparation the compounds of 
55 formula I. said process comprising one or more of the following steps: 

(I) reacting a corresponding amine to introduce a -CHRiX moiety at an amine nitrogen ; 

(II) converting a carboxyl X moiety in a compound of formula I into a carboxyi Oertvatlvo thereof or a 
carboxyl derivative X moiety in a compound of formula I into a carboxyl group; and 

' . (Ill) converting a compound of formula I Into a salt or metal chelate thereof or converting a salt or 

60^ chelate of a compound of formula I into a compound of formula I. 

• Process step (i) may conveniently be performed by reacting a compound essenliaity formula 1 but having 
at least one hydrogen atom In place of a -CHRiX moiety and optionally having in place 0I X and/or Ri moielios 
groups convertible thereto (for example groups convertible by the removal of protecting groups), with o 
compound of formula III 

65 R2 CHRi'X' (III) 
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(wherein Rs ts e leavtno group, for example a rxrieophlllcelly displacoable group such ai a hatogon atom, 
preferably a bromine atom: and P.i' and X'. whiw.ii are not both hydrogen atoms, are as defirved for R| and X or 
are groups conventble thereto, for example by deprotoctlon). 

As protecting groups, conveinional protecting groups may be used, for example groups such nu art* 
described by T.W. Greene In 'Protective Groups In Organic Synthesis". John Wiley 4 Sons. 1981. For tho ^ 
protection of hydroxyl groups, particular mention may be made however of tho utility of benzyl protocllng 
groups which are stable over a wide pH range but are readily removed by hydrogenotysls as described by T W 
Greene. PolyhydroxyalkyI groups may for example alternatively be protected In the form of cyclic potyolhor 
groups, for example aa 2,2-dlmethyl-1.3-dloxa-oycIopent-4-yl group»i. as such cyclic polyether groups can bo 
opened by acid hydrotysia to leave Iho unprotected polyhydroxyatkyt group. to 

Thus for example. Introduction of a -CHRiX moiety may be effected by reacting an amme of formula tl 



R-,-N-(CHR ^M^-A^-fCHR tM^-N-R-, (II) 
Z • 2 • 



f Tin) 



RV RV RV RV 

MM 

NH Nil 2 

RV RV RV r;* 

MM 

m m N}i 



(lib) 



15 



(wherein Rj Is a hydrogen atom or a -CHRi'X' group; X' and Rt* are an defined above; each group Z' It a gtoup 
-CHRrX* Of an Ra moiety or together the groups Z' are a -(CHRr)q.A'^-(CHR i'), bridging group where A" (b an 
oxygon or sulphur atom or a group - n -Y' whore Y' Is an Rj moloty or a group -(CHRr)p-N(Rj)f . and A" i« a 
group - N -Y* or -A"-(CHRr)m- la a carbon-nitrogen bond or. where the groups Z' togothtr form ■ bridging 
group, A" may also represent an oxygon or sulphur atom; with the provisos thut at least one Ra moiety it a 
hydrogen atom, that at least two amine nitrogens carry a hydrogen atom or a -CHR t'X' mo*ety m which X' is or 
in convertible to a carboxyl group or a derivative thereof, and thol each -CHRTX' moloty is otf>«r then n methyl 
group) with a compound of formula III (as defined above), followed if required by convorting RT or X' to Ri or 
X 

Tho process of step (1) Is particularly preferably effected by rnacting a compound of formoU ll (in which any 
hydroxyl molotlos are protected) with bromoacellc acid or a dorlvallvo thereof, for oxampio tn« sodujm oait or 
an ester, followed by deprotoctlon of the hydroxyl molotlos. 

To Introduce -CHRtX groups wherein Ri Is hydroxy or hydroxyatkyl. attornaHvo compound* of formula III. 
such as 3-bromo-oxacyclopontan-2-onn. Hat CHjCHjOH. Hal CHjCHOMCHjOH or Rs-O CHy-CHHal-COOM 
(wMoroin Hat in a halogen atom such an a bromine atom and Rft Is a prolocting group) may ot \,v^urso ho ufiod 

Thuft for tho procoas of 3top (i) Iho following proforrod Starting compounds of M may D« usod 
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mi 




NH ' 



(lie) 



(II<5) 



(He) 



(Ilf ) 
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NH NH NH 



25 



JO 



RV R!* 



Nil NH 

46 



50 



60 



(Ilk) 



flU) 



film) 



(Iln) 



55 

^2 ^ (IIO) 



(wherein each Ri" Is a protected hydroxyalkyi group, for example a -CHj-O-CHj-Phenyl group or a 
^ 2,2-dimelhy1-1.3-dioxa-cyclopenl-4-yt group, Ai Is a sulphur or oxygen atom or a group -n-CHRi'X' (for 
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•xftmpi* a - h -CHiCOOH group) and Re it « flroup -CHRi'X' or • molaty oonverllblc Ih.reto). In th« itonina 
compound! of formulat lit to Ho. prottottd h . oxytlkyi groups att*oh«d to th« alkyltn* chains bstwaon 
•mint n troganj art prafarab»y banxyl protaciad groups and tha nitrogon-attaohad prottciad hydroxyalkW 
groups In -CHRi'X' molatlas ara prafarabty In tha form of oyollo polyethers. 

Tha praparatlon of starting compounds of formulaa lla to Mo. which compounds thomealva. form furihor 5 
aspaota of tha prasant Invention, may for axampla ba by tha following procoduros: 

Compounds of formula lla may ba praparad by tha following schema. 

/ 1. BrCHjPhanyl ^ / \ 

2. NH, " Nil 



NH I 



7 (1) ^ R7 (2, 

R; - -CH^OCH^Phenyl ' Ri' R" R'' R'' 



(1) + (2) i^L^ 'nii 



Nil 



(5) ^ Ji_VJiJ^ 



H 



The starting compound { 1) Is described by A. Bonglnl et al. in J. Chom. See, Porkin Trans, i {1985) 935 It 
can be converted by benzyl protection of the remaining alcohol group and by ammonotysis to compound (2) 
and then condensation of compounds (1) and (2) and subsequent odd hydrolysis can yi«t<j compound (4) 
whtah Is of formula lla. k » / 

Compounds of formula lib may be prepared from compounds of formula Ita by reducltve aminatlon for 
exampkj as described by R.F. Borch In J. Org. Chem. 34 (1969) 627. using a protected aldehyde prepared for 
example as described by C. Hubschwerlen In Synthesis (1986) 962. The reaction may for example follow the 



scheme 

(d) 



25 



^2 ^ ^ 

(4) 



(4) 



OHC-A 

/"o m NH m 



Rr R!* RV RV 

MM 

MH NH L.. 
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Compounds of formulae llm and lln may be prepared analogously to compounds of formulae lie and lib by 
omitting the condensation step (b) in the above scheme. 

Compounds of formula lie may be prepared analogously to compounds of formula lla by condensation of 
compounds (1) and (2) and subsequent acid hydrolysis, for example according to the scheme: ^ 



65 
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Compounds of formulo lid may bo prepared analogouftty to compounds of formula lib by reductive amination 
of compounds ot formula IIC. for example following the scheme: 



.15 



40 



46 




Compounds of formula Ho may bo prepared by the following scheme: 
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(9) ^ (10) 



(10) 



(n) 



(11) 



ON group proi*«tlon 



Compoundi of formula Hf moy be proparod analogously to compound* of formula ll« uting o triamldo 
fttartlng matortal: 

0 0 R»' K*' 

H-;^ / \ / \ /-h; ,,,,,, / '\ / \ 

NH N Nil (o),(r),(g) mi N m ^ 

, " 

^^^^ 2^ Nli R; Mi 

(14) 




Tha a-formylat(on doscrlbod above may bo porformod ualng the method doscrlbod m J M«d Chom B 
(1965) 220. 

Altomatlvefy. compounds of formulae do and llf may bo prepared by replacing the formyiatkjn stop (e) by 
roactton vyith chloromethylbenzylalcohol (available from Fluka) to yield the atsrllng compounds (15) and (16) 
for the reduction step (f): 
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fO 



f5 



(15) 



(16) 




0 "1 



Tho direct tnsorllon of bonzyt-protoctod hydroxymothyl groups may bo porformod as doscrlbod In Org. Syn. 62 
pn (1972) 16, ~~ 
Compounds of tormula llg may bo prepared by tho following schemo: 
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OH ^\ / OH NH OH 

(17) ° <^«> 

m -CH^OCHjPhenyl 



(18) 



(1) «1 ?1* 



oxidation Q 



(J) 

(19) 



(19) 

R!' Rl* 



/—\r~\ 

lU 

(r«duotlvo oonditiona) X 



NH NH NH 



(18) . 

halogQnatlon 



(k) «*' 



Hal KH HaI 

(21) 



(1) 

(21) ^ (20) 
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Compounds of formuli (17) may be prodi*. - oy mono-proteotlofi of amlnoprop«ndk)4 at the primary 
hydroxyl group and may ba mono or dl-atkylatad using a glyoldol athar. The mono and di-a*ylal(on products 
may bo soparatod by distillation. Tho mono-a!kylatlon product, compound (18). Is used in the praparalion of 
compounds of formula llg and the dialkytatlon product, compound (22) bolow. may bo used tn tho proparaHon 
of con.pounds of formula llh. Tho mono-alkylatod compound (18) may bo convorlod to compound (20). which 
ts o( formula llg. by oxidation and subsoquoni roductlvo nmlnatlon or by hnlogonatjoo and aubsonuont 
nminatlon. # » i 



Compounds of formula fJh may bo proparod analogously to tho compounds of formua llg, for oxampio 
according to tho schama: 



(17) 



(h) 




(22) 



(I).(J) or (k),(l) 

. 



R!' 



6 



(25) 




mi o-V 



Compounds of formula llo cnn bo prepared analogously to compound* of formuln llg &>• omttting tho initial 
mono-/di-atkylal(on slop (h). 

Tho cyclic compounds of formula III may bo proparod by poptldo condonsrtlion foHowod Dy roductlon of tho 
nm.do carbonyl groups, substantially os doscrlbod by J. TabushI ot al. In Toir Lott. (I976t 4339 and (1977) 
1049 Tho roflction may bo porformod according to tho following schomo 
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The starttng compound (24). whoroln Ai Is an amino group, may bo proparod by alkyiaiton of an 
tmlnodiacolto acid dorlvattvc and tho othor and thlo«thor starling compounds may b« proparod analogously by 
formytatlon of the corresponding starling materials, for example as described by W. Rasshofer et tJ. In Chom. 
Der. U2 (1979) 2095. Compounds of formula 111 are partloularty preferred starting materials as th«y may be 
us«d to form non-Ionic or mono-Ionic chelates with trtvalent metal Ions according to the selection of Ai. 

Th« cyclic compounds of formula 11) may be prepared by the well known routes for the preparation of cyclic 
pofyamlnes. Thus. In a method analogous to that described by J.E. RIchmann et al. In J. Am. Chem. Soc. 96 
(1974) 2268. compounds of formula lla may be tosylated and the resultant product may then be cycli^ed wltfTa 
dl(protected hydroxyalkyt) amine, which may Itself be prepared from compound (18). Thus the compounds of 
formula 11} may for example be prepared by the following scheme: 



15 
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to 



20 



25 



X) 



05 



NHg OMfl 



(27) 



OMo 
+ 



Rti j^ti i^ii nil 
|1 .1 |1 .1 



NTa NTo NTo 

(20) 

Ma ■ no thanttaul phony 1 
T5 - tooyl 



(29) 



(o) 



(p) 



UCl/othor 



To 



(29) 



To 



"V 



(50) 



NH 



Nil 



r;. 



46 



Compound (27) may bo propar«d from compound (18) by a molhod analogous to that doscribod by M 
Hodigor et al. In J. Chom. Soc, Chom Commun (.1978) 14 and by J. Plosa ot aI in Chom, Abi 71 (1969) 49569x. 
Vartoua dotosytatlon methods for stop (p) aro known, as doscrlbed for oxampio by W. Rasshofor ot al. In 
Uobigs Ann Chom. (1977) 1344. Tho group Re may bo a protocting group roslslani to Iho detosylatlon 
conditions allowing tho possibility of substituting tho nitrogon to which It Is attached with a carboxymothyl 
dortvativo, otc. 

Compounds of formula Ilk may bo proparod by a reaction schomo aubalanlially as follows: 



50 



55 



65 



16 



02M795 

Tf^ (q) «r 

J CHO 1>. CHO 

^3^^ Ag^O, IMP BOC' (32) 

DOC - t-butyloxyoarbonyl • -CHjOCH^Phdnyl 

Rr 0 



(r) 

(32) 



NU OCU 
Boc' 5 hydrld« 

(33) 



R^- - -CHjOCHjPhenyl 



dil80butyl&lualnlun 



(32) 



(34) 



mi, 

3 a)c \boc 

CHjOH (34, 
(roduotlvo aminatlon) 



NH^ Nn NH^ 



(35) 



Tb« starling compound (31) Is described by Y. Ohfune et al. In Tetr. Lett. (1984) 1071. Proiecllon of the 
alcoho* ^inctlon as a benxyl ether gives compound (32) which alternatively can be obtained by reducing the 
commerclaUy available serine eater, compound (33). as described in Chem. Pharm. Bull. 23 (1976) 3081 
Reducttve aminatlon of compound (32) yields compound (34) from which the BOC (t-buty1oxycSt)onyt) groups 
may be removed by add hydrolysis to yield compound (35) which Is of formula Ilk. Compounds of formula llg 
^ atkylatlon of compounds of formula Ilk. for example with 2.(2.2-dlmethyl. l.3^loxa-cyclo- 
pent-4-yf)HBth>damlne. This reaction would generally bo pertomned as a reductive aminatlon. The asymmetric 
compounds of formula III may be prepared by peptide condensation of protected amino acWs followed 
reduction of the amide carbonyl groups, for example using the following scheme: 
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93 



J5 



X) 



;l_4 ^± I 



' NH^ on """^o' m on 

(3b) (37) 
(roduotlvo oondltiona) o-^ 



: • MM 



M 



vri ■ Nil . °"°2"5 



(38) 



nr 0 n!' 0 



NH NM 
139) 



(3'J) 



MH NH ] 

(40) 



4 NH NH Nli 



4^ Reducttvo ominatlon of 0-bonzyl sorlno with glycoraldohydo acetal gives compound (37) aryJ coupling ot 
compound (37) with the ethyl estor of O-bonzyl protected serine gives the dipoptide compouncS (38) (see J. 
Martlfvez et al. Int. J. Peptide Protein Res. 12 (1978) 277). Amidallon of compound (38) with a protected amino 
alcohol gives compound (39) which may be reduced to compound (40) using lithium alumlnhjm hydride, as 
described by J. E. Nordlander et al. In J. Org. Chom. 49 (1984) 133. Compound (40) Is a compound of formula 

50 III. If the amidatlon step (w) Is omitted, reduction of compound (38) will give further asymmetric compounds of 
formula II. 

Reaction of starling compounds of formula Ha to llo with sodium bromoacotate and subsequent 
doprotection of the protected groups by acid hydrolysis or by hydrogenotysis will yield corresponding 
compounds of formulae lA to lO: 

55 



60 
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HOOC-^ / \ / \ /-COOH 

N N 



H, R, R, R, 

'f^/ y X^-i (13) 

HOOC--' "^COOH 




COOH 

R, >— N 

n''^ '^COOH 



H R R 

' ki u If 1 




> — N ^ 



1 

R 



COOU 



(lA) 



R- R. R, R. 

/M Ah 

HOOC-\ / \ / \ y^COOU 

HOOC-^ J ^CXXJH (IC) 



R: 

.N N N 

HOOC-^ I ^COOH (ID) 

■R, 



^ N N N ^ (IE) 



HOOC— ^ 1 ^COOII 

^COOH 
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5 ■ N 

HOOC-^ 



to 



N N 




■COOH 



R. N 



1 

•COOH 



(IP) 



IS 



to 



«1 "^l 



HOOC 



N N 

^COOH 



(IG) 



?5 



30 



HOOC-^ 



N N 




■COOH 



1 

■COOH 



(in) 



35 



40 



50 



55 
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R XHC / \ /-ROOH 

^ N N. 



^ N N 



HOOC-^ \ / ^-COOH 



(IJ) 




«1 «1 



eooc-v y-COOH 
N N N 



BOOC \^ ^ COOH 

coon v^wii 



(IK) 



(XL) 



HOOC-x / \ ^OOOH 

N N 
HOOC \- ooOH 



N N ^ 

HOOC— ^ ^OOOH 
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HOOC-^ ^-COOH 
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Fur1h«r compounds of formula I may bo propar«* ^ ■ similar fashion by the process of step (i). Thus for 
example a compound of formula IP 



'5 (whore R" i Is as defined for R i but does not represent a hydrogen) can be produced by reoctlng a compound 
of formula IIP 



(whofo X* Is a protected cnrboKyI group, e.g. on othoxycarbonyl group) with a compound of formula 
Hal.CHjR" 1 (whore Hal Is a halogen atom) followed by doprotoctlon of the X** groups, e.g. by saponrticatlon. In 
this way for oxamolo compounds of formula IP In which Ri" Is S-hydroxyolhyl or 2.3-dlhydroxy propyl con bo 

05 producod by roacllon of o compound of formulo IIP In which X" Is -COOCjHft with CI.CHjCHjOH or 
CiCHjCHOHCHjOH rospocllvoly 

The starting compound of formulo IIP con bo prepared by reaction of a 1.4.7,10-tetraa2acyck>dodocon© 
having one amine nitrogen protected by a protecting group, e.g. a benzyl group, with a ccmpK>ur>d HotCHyX". 
e.g. ethyl bromoocetate, and subsequently removing the protecting group, e.g. using standard dabonzylatton 

4C conditions. 

The cholating agents of the present Invention are particularly suitable for use In detoxiflcatton or In the 
formation of metal chotatos. chelotos which may bo used for example In or as contrast agents fof *n vivo or in 
vitro magnetic resonance (MR). X-ray or ultrasound diagnostics (o.g. MR Imaging and MR spectroscopy), or 
scintigraphy or in or as therapeutic agonts for radiotherapy, and such metal cholatos form a further aspect of 

AS the prosoni Invention. 

For use as an MR-dlagnostlcs contrast agent, the cholated metal species is partlcutarty suitably a 
paramagnetic species, the metal conveniently being a transition metal or a lanthanlde. preferabfy having an 
atomic number of 21-29, 42, 44 or 57-71. Metal chelates in which the metal species Is Eu. Qd. Oy, Ho. Cr. Mn or 
Fe are especially preferred and Gd^* and Mn'* are particularly preferred. For such use, the paramagnetic metal 

50 species Is conveniently non-radioactive as radioactivity Is a characteristic which Is neither required nor 
deslroble for MR-dlagnostics contrast agonts. For use as X-ray or ultrasound contrast agents, the chelated 
metal species Is preferably a heavy metal species, for example a non-radioactive metal with an atomic number 
greater than 37. 

For use In scintigraphy and radiotherapy, the chelated metal species must of course be radioactive and any 
55 conventional complexable radioactive metal Isotope, such as ••^Tc or '^Mn for example, may be used. For 
radiography, the chelating agent may bo In the form of a metal chelate with for example *^Cu. 

For use In detoxification of heavy metals, the chelating agent mu3t be in salt form w»th a physiologically 
acceptable counterlon, e.g. sodium, calcium, ammonium, zinc or meglumine, e.g. as the sodium salt of the 
chelate of the compound of formula I with zinc or calcium. 
60 Where the metal chelate carries an overall charge, such as is the case with the prior art Gd DTPA, It will 
conveniently be used tn.the form of a salt with a physiologically acceptable counterlon. for example an 
ammonium, substituted ammonium, alkali metal or alkaline earth metal cation or an anion deriving from an 
inorganic or organic acid. In this regard, meglumine salts are particularly preferred. 

Viewed from a further aspect, the present Invention provides a diagnostic or therapeutic agent comprising a 
55 metal chelate, whereof the chelating entity is the residue of a compound according to the present invention. 
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tog«th«r with at toast one pharmacautlcal or vaterinary carrier or exolplent, or adapted lor formulation 
therewith or for Inclusion In a pharmaceutical for atlon lor human or veterinary liae. 

Viewed from another aspect, the present tnvoruion provides a detoxification agent comprls^ig a chelating 
agent according to the Invention In the form of salt with a physiologically auoeptablo counterlon. together with 
at least one pharmaceutical or veterinary carrier or exclplent. or adapted for formulation therewith or for 5 
Inclusion In a pharmaceutical formulation for human or vetartnary uae. 

The diagnostic and therapeutic agenta of the preaent Invention may be formulated with conventional 
pharmaceutical or veterinary formulation aids, for exampla atabllzors. antioxidants, osmolsiity adjusting 
agents, buffers* pH adjusting agenta, etc. and may be In a form suitable for parenteral or enteral administration, 
for example Injection or Infusion or administration directly Into a body cavity having an exterr^ escape duct. to 
for example the gastrointestinal tract, the bladder or the uterus. Thua the agent of the present irwentlon may 
be In a conventional pharmaceutical administration form auoh aa a tablet, capsule, powder, solution, 
suspension, dispersion, syrup, suppository, oto; however, solutions, suspensions and dtaperalons In 
physiologically acceptable carrier media, for example water lor Injectlona, will generally be preferred. 

Where the agent Is formulated for parenteral administration, the carrier medium Incorporating xr^ chelate or 15 
the chelating agent aalt Is preferably Isotonic or somewhat hypertonic. 

For MR*dlagnostlo examination, the diagnostic agent of the present Invention, If In solution, suspension or 
dispersion form, will generally contain the metal ohetato a! oortoentratlon In the range 1 mlcrorr>oic to l.ft molo 
per litre, preferably 0. 1 to 700mM. The diagnostic agent may however be supplied In a more corKentrated form 
for dilution prior to administration. The diagnostic agent of the Invention may conveniently be tdmlnietered in po 
amounts of from IQ-^ to 1 mmol of the metal species per kilogram of body weight. 

For X-ray examination, the dose of the contrast agent should generally be higher and for scintigraphic 
examination the dose should generally be lower than for MR examination. For radiotherapy and detoxification, 
conventional dosages msy be used. 

VtoNvvd from s further aspect, the present Invention provides a method of generating enhanced images of Pf* 
the human or non-human animal body, which method comprises administering to said body a dt«gnotHc agort 
according to Ihw present Invention and generating an X-ray. MR-dlagnostlcs. ultrasound (x scintigraphic 
image of at least a part thereof. 

Viewed from a further aspect, the present Invention provides a method of radiotherapy pracitted on iho 
human or non-human animal body, which method comprlaes administering to said body « cneloto of a 
rndtoacttvn motol species with a chelating agent according to the Invention. 

Vtowod from a further aspect, the present Invention provides a method of heavy meta) dcto^tlficalton 
practised on the human or non-human animal body, which method comprises admlnlstortng 10 said body a 
cholating agent occordlng to Iho Invention In the form of a salt with a physiologically acceptab^ countorion. 

Vtowod from a yet further aspect, the present Invention also provides the use of the compour^ds. especially .15 
the molal chelotes, according to the Invention for the manufacture of diagnostic or thorapoutic agents for uso 
tn metriods of image generation, dotoxiflcotlon or radiotherapy practised on the human or norvnum«n animal 
body. 

Viewed from a stiti further aspect, Iho present Invention provides a procoss for the preparation of the molal 
chelates of the invention which process comprises admixing In a solvent a compound of formula t or a anil (o.g. 40 
tho sodium salt) or chelate thereof together with an at least sparingly soluble compound of i^id motal. for 
example a chloride, oxide or carbonate. 

Viewed from a yet still further aspect, the present invention provides a process for tho preDjaratK>n o( tho 
diagnostic or Iherapeutic ogent of the present invention, which comprises odmixing a metal chelate according 
to tho invention, or a physiologically acceptable salt thereof, together with at least one pharmacoutical or ^-s 
veterinary carrier or exclpient. 

Viewed from a yet still further aspect, the present Invention provides a procoss for the pre:;aratK>n of tho 
detoxification agent of the invention, which comprises admixing a chelating agent according to ne invention in 
the fonrt of a salt with a physiologlcatty acceptable counterlon together with at loast one phannaceuticQl or 
veterlrtary carrier or exclpient. 50 

The present Invention will now bo Illustrated further by the following non-llmlting Examples Alt ratios and 
p>ercentages given herein are by weight and alt temperatures are In degrees Celsius uniess otherwise 
Indicated. 

Example 1 55 



N-carbbxymothyl>N.N-bl9-((N'-carboxymethyl-N'-2.3-dihydroxypropyl)-2-amlnoethvl)-amine , 

(a) To a hot. stirred solution of 276g (3.06 mol) of amlnopropanedlol was added dropwiso 55.2g (0 29 mol) of 60 
iminodiacetic acid diethyl ester (from Tokyo Kasel) dissolved In absolute elhanol (1:1 by woighi^l. After 3 hours 
at 120^*0 bath temperature, and evaporation of Iho ethanol. the excess aminopropanediol was removed by 
distillation at 10-' torr. NMR and TLC analysis showed quantitative conversion to tho product damioe, with an 
about 100/0 content of amlnopropanedlol. The product was purified by treatment with wea*: ackJic cation 
exchanger IRC (Fluka) to yield 78.5g of a yellow oil. Yield 960/o. 55 
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(b) 70g (0.25 mol) of tho product dlomldo was dissolvod in 175mt of dry N.N-dlmethylformamido (DMF) and 
208g (1.25 mol) of 1 .1 dlmethoxy-ethyl-bonze' nd ^7.5g (0.25 mol) of p-toluenesultonic acid monohydrnio 
was added Tho solution was healod at 60"O /200 mbar In a rotary evaporator for 2.5 hours and excoss dry 
sodium carbonate was added. Most of the solvent was ovoporatod and 300 ml of saturated ftodlum 

5 bicarbonate solution was added, after which the solution was concentrated almost to dryr>e55. Extraction with 
chloroform, washing with water, drying ond conventional working up yielded n yellow oil wtiich. after 8 hours 
evaporation at IQ-^mbar. gave 179g product. The product was used directly In the next step. 

(c) To a solution of 46. Bg (1.23 mol) of lithium tlumlnlum hydride (n 1.5 I of freshly distilled THF covered by 
nitrogen, was carefully added 37. 2g (76.9 mmol) of kotat (Example 1(b)) Into 200ml of tetrahydrofuran (THF). 

10 The solution was relluxed for 4 hours and the reaction product was hydrolysed at 0*'C on an ico/wator bath by 
47ml of water In THF. by 47 ml of 150/o by weight NaOH and by 141 ml of water successively After addition of t 
litre of THF. the suspension was filtered off, washed with THF and the mother liquors were evaporated to 
dryness to give 25. 5g (730/o) of the ketal-protected triamino as a yellow oil. 

(d) To the solution of 20g (43.9 mmol) of the protected Irlamlne In 100ml of methane; ir - Mor (7 3 by volume) 
15 was added 28.3g (176 mmol) of sodium bromoacetate and tho pH was kept In tho aU • nngo for 4 hours at 

40 "C. Adjustment of tho pH to 3.5 and cooling on an ico/wator bath gavo a yellowish olt wt^icn was treated with 
HBr solution In acotono/wator ol pH 1 ovorntght at ambient tomporaturo. Tho mixture was concentrated to half 
its votumo. woshod wllh chloroform and Iroatod with a strongly catlonic exchongor Dowex 50Wx4 Tho gol was 
fittorod off and washod with dllulod ammonia. Aflor aa|ustment with formic acid lo pH 3 5. tho solution was 
A? conconlratod to dryness undor high vacuum at 60"C or by tyophlllzalton lo ylolo 9 3a o! a whtto solid Mp 
51-55 C Yiold 500/0 

Ex^rnplo 2 

;\'^ 

tn) 4tg (0 21 mol) ol nllrilotrmcoHc ncid wns suspondod In 400 ml of dry cilhiinol and 2? 5g of concnntrntoil 
?ulphuric*hcid wns addod. Tho roactlon mixturo was rofluxod tor 4 hours whilo tho soK-pnt was constnntly 
JO pvnpornlod Tho clortr solution wnn conconlrntod to drynoss. dissolvod In ct>lorolorm. wajnod wtfh .inlurntod 
nocJium bicnrbonnio nnd wnlor nnd dnod with sodium su'nhnto. Work-up yioldod 58. 7g of » cotoortoss oil YinUJ 

(bl To n hot. stlrrod aolulion of 164g (1.81 mol) of nminopropnnodlol war* nddod dropwise 50 Og (0 18 rnol) of 
\ho product nilrllotrmcolic odd Iriothylostor dissolved in obsotulo olhanol (11 by voturr^) Aftor 3 hours nl 

.^^ 120 both tompornturo. and ovnporntlon of tho othnnol. tho oxcons nminopropanodttf was romovod by 
dtsnilation tit 10 ' torr. NMR and TLC nnnlysis showed quantltaltvo conversion to tho product d»amido. with nn 
about 100/0 contont ot aminopropanodiol. Tho product wos purlflod by Iroalmonl wilh *Moak acidic cation 
oxchangor IRC (Flukn) lo ylold 73. 5o of n yellow olt. Yiold 99.50/0. 

ic) 25 Oq (61 mmol) of tho product nmldo wns dissolvod In dry DMF and 75 9 g (0 460 rr.ol) of 

JO 1. 1 -dimothoxy-olhyl-bonzonn and 5.9P 'Tl mmol) of p-toluonosulfonic odd monohydrsre was addod Tho 
riolutton wns hoaiof* at 60' C /200 mbm m a rotary evaporator lor 2 5 hours and oxcoss dr, sodnjm cnrbonnto 
was addod. Mosi of Iho solvoni wns ovaporatod and 125 ml of saluralod sodium bicarbonate solution was 
addod. aftor which tho solution was conconlratod almost to drynoss. Extraction wtth chlorc'orm. washing with 
waior. drying and convontional working up yioldod a yollow oil which, oftor 8 hours ovpnc-'^itton at 10 mbar. 

J.** gavo 37. 7g of product. Tho product wos usod directly in tho noxt stop 

'.d| To a solution of 36g (0.949 mol) of lithium aluminium hydrido In 15 1 of froshty d)Stii«d ThF covorod by 
nitrogen, was carefully addod 37g (52 mol) of kotol (Exampto 2(c)) into 200 ml THF. The scfution was rofluxod 
tor 4 hour:t and the roaction product was hydrolysed ot 0"C on nn ice/walor bath by 36g of «»ater *n THF. by 36g 
o» 150/0 by woight NaOH and by 108g of water succossivoty. Aftor addition of ono litro of THF. tr^e suspension 

.V) was ftliorod off. woshod wllh THF and tho mother liquors wore ovaporatod to drynoss to ;ivo 23 7g (68O/0) of 
tho kotal-protoclod triamino as 0 yollow oil, 

to) To tho solution of 23g (34 mmol) of the protected triamino U\ mothonol-in-walor [7 3 by volume) was 
addod 1 8 Og ( 136 mmol) of sodium bromoacetate ond tho pH was kept in tho alkatlno range tor 4 r^ours at 40" C 
Methanol was ovaporatod. and addition of 400ml of 20o/o by woight sodium chloride soution gave a yollow 

.V*. oil After docanintion. tho oil wns dissolved in acetone and wator (1:1 volume), tho pH was ad|uslod lo 1 with 
HBr and tho solution was slirrod overnight. The mixturo was then conconlratod to half its i^oiume. woshod with 
'chloroform and trooiod wilh a strongly cntionic oxchangor Dowox 50Wx4. Tho gel wns ftlle<ed and washod 
Wllh diluted ammoaia. Aftor ndiuslmont with formic acid to pH 3.5. tho solution was concentrared to drynoss 
under high vacuum ai 60 C or by lyophilization to yiold 8.3 g ol n white solid. Mp 82-66 C 

Ex.imple 3 
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1-Oxa-4.7.10-trl>2»oyolodod6C*n«-N.N\N"'trlacetlo add. 

A solution of bromoacollc add (2.22g (16 mmol)) and aodlum hydroxide (0.64 g (16 mmo<)) in flmi of Wiiloi 
was added dropwiae to a aolutlon of 1- oxa-4.7.10-trlazacydododocano (O.BOg (4.6 mmo^U tn 5mt of water. 
(The compound l-oxa-4.7.10-trlazacydododecano waa prepared according to the procedure deacribed by W -> 
Raaahofer, W. Wehner and F. Vttgtle In Lleblga Ann. Chem., 916 (1976)). 

The mixture waa heated to BO^C and. while being atlrrod. 4M todlum hydroxide 4 ml waa added dropwiae. 
The temperature waa maintained at 60" C for two houra and then brought down to ambient temperature. The 
pM waa adjuatod to 3.4 with 6N HCI. Ethanol (260ml) waa added and a white cryatalllne precipitate waa formed. 
The product waa filtered off and waahed with 50ml of ethanol. The product waa further pijrMSmd by treatment to 
with a cation exchange reain (Oowex 60 Wx4). Yield : 65<Vo. M.p. 190"C (doc) 

Example 4 



3.6-Bta-(carboxymethyl)-4-hydfOxyethyl-3.6-dlazaoctanedlacld 



(a) N-tflphenylmelhyl-a'amlnobutyrotactone 

a-Amtnobutyrolaotone hydrobromldo (10.0 g. 64.9 mmol), N-methylmorpholino (11 2o. 110 0 mmol) and 
trlphenylmelhyl chloride (16.4 g. 66.2 mmol) were dlaaolveJ In N,N-dlmolhylformamtoe (DMF) (200 ml) 
(diatlllod from calcium hydride) and atlrred at ambient temperature foirl6 houra. The mlxtixe was filtered, and 
water (200 ml) was added to the DMF-solutlon. The reaulllng Blurry was atlrrod for 2 hours, the preclpllale was 
filtered off and washed with a mixutre of OMF and water (1:1. 60 ml). The solid was rosusponded in water (100 
ml), filtered and dried at 60* C In vacuo . N-trlphonylmethyl-o-amlno butyrolactono was Isolstad st a white solid 
Yield 17.56 g (93.20A)). mp 164.6-165,6"C (uncorrected). 

(bj 1-Cofboxamldo -3-hydroxy-1-(N'trlphenylmothytamtno)-propano 



N-lftphonylmothyl-<i-omlnobulyroloclono (4.0 g; 1 1.66 mmol) waa dissolved In totrohydrc'uran (THF) (20 ml) 
in a" 100 ml pressure viol. Methanol saturstorl wlih ammonia (20 ml) was added, and Ihe aoaVfd tube was hoalf%d 
to 70"C for 48 hours with stirring. Aft«r cooling to ambient tomperoture the solvent v^-aj ovaporalod. iho 
residue was dissolved In othor (75 ml), n-hoxano (7.5 ml) was added end the solution wai kept al 4"C for 24 
hours l-Carboxomldo-3-hydroxy 1-(N-lrtphonylmothylamlno)-propano proclpitnlod nft yp'iow cryBtnls Yiokl .7A 
30 g (7lcVo|. The structure was confirmed by ^^CNMR and 'HNMR 

( c) 1.2-dinminO'4-hydroxybutano dlhydrochlorido 

l -CarboxamldO'3-hydroxy-1-{N-trlphonylmothyIamlno)-propano (2.5 g. 6.94 mmol) was ct^soN'ed In IMF (25 40 
ml) (dtstilled from lithium aluminium hydride). Lithium aluminium hydride (1.9 g. 50 mmol) added and Iho 
mixture was refluxod overnight .^Aqueous THF (50 ml. 4(Wo water). 2N NaOH (2 ml) and aque-ous THF (50 ml. 4Q^ 
water) were added successively dropwise at 0"C and the mixture was stirred for 1 hour. Th.« slurry was filtorod. 
and the THF solution was evaporated to dryness. The resulting oil was suspended In motranol {2 ml), applied 
to a silica column and eluted with methanol (180 ml) and methanol: saturated aqueous t.-nmonie 90:10 (180 o 
ml). The last fraction was evaporated and the resulting oil (1,0 g) was dissolved in acicfic methanol (25 ml 
containing 2 ml 12 N hydrochloric acid). After 12 hours the solvent was evaporated and 1 .2-dlamino-4-hydrox- 
ybu lane dihydrochlorlde waa Isolated as a white solid. Yield 0.49 g (420/o). FAB MS: 105(W ^ i) The ctrucluro 
was confirmed by ^HNMR and ^^CNMR. 

(d) 3.6-Bls-(carboxymethvl)-4-hydroxyethyl-3.6-dla2aoctanedlacld 

1 .2-Olam(no-4-hydroxybulQne (0.35 g. 3.36 mmol) was dissolved In water (10 ml), and pH was adjusted to 9.5 
with lithium hydroxide. BromoacetIc acid lithium salt (1.38 g) was added and the mixture «<a3 healed to 50" C 
and stirred at this temperature for 24 hours. During this period pH was kept conslam (9-10) by adding a 55 
solution of lithium hydroxlde(IM). The mixture was cooled to ambient temperature and ap::iied to a Blorad AG 
'5eW-X4 column (80 ml) and eluted with water and aqueous saturated ammonia. The rjlo compound wns 
isolated as a yellow solid. Yield 0.45 g (Sio/o). mp greater than 350"C. FAB MS: 337(M + v. The structure wna 
confirmed by ^HNMR and PCNMR. 
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1-Thta-4.7,10-<''lazncyclododecano trlacoUc ocld 

(0) ThtodtgtycoHcactd dtmothyl esler 

Thiodlglycollo .eld (150.2 fl. 1.0 mol) w.. dl«.olvod In methanol (244 ml) .nd '^."'I', 
K8P-o«l«ly.t (Aldrlch) (6 g) wa. added and Ih. mUtur. waa rafluxad for 14 houra. The mixture w. cooled to 
irbleS tlmperalur. and wa. mter.d through alumina. The organic ph.ae wa. aeparated -"J cc^en.r.,^^. 
Thiodlglycolloacid dimethyl eater waa laolated aa a yellow oil aMor high vacuum dlat lla^on. Yield 100 g (56<Vb). 
b.p. 82-100'C (0.01 mm Hg). The atruolure waa confirmed by 'HNK4R and "CNMR 

(b) 1 •Thla-4.7, 10-irla2acyclododecane-3, 1 1 -dlone 

Diethylene triamlne (9.3 g. 90 mmol) and thiodlglycniir.acid dimethyl eater (16.2 g. 90 mmol) w.r. d...olved 
in methanol (1800 ml) The mixture waa refluxed for 96 houra followed by conoentr.l on to lOO mt The 
precipitate waa laolated by filtration, wa.hed with methanol (10 ml) and dried. 1-Thla-4.7.10-tr a2.cyclodod.^ 
cane 3.1 1-dlone waa laolated aa a white aolld. Yield 2.6o (13.6<Mb) mp 206-208-C (oncorroclod) T^• .iruCure 
waa confirmed by 'HNIwlR and '>CNMR. 

(c ) 1 -Tl ila-4 ,7. 1 0-lriaiacyclododocane 

1.Thla.4.7.10.tr.a«cyclododec«oo-3,1 1-dlone (8.10 g. 37.3 mmol) wa. au.pend.d in dry •^O';" 
l.,hlum aluminium hydride) (2000 ml) and refluxed under nitrogen tor 8 hour, with ^°'''*Z7,l^T. ZrT e^^^^ 
generated diborane (approx. 0.4 mol In total). The reaction mixture wa. cooled to arr^blenl ^^ "^^ 

?eO ml) w.. added, and the mixture wa. .tlrred for 1 hour. Sodium hydroxide (20 g. 0.5 mo wa. •<«;<1«;^''^« 
.olullon wa. evaporated to dryne... The re.ldue wa. extracted with ethanol (3 x 50 m ) * 
concentrated and 1-lh.«-4,7.10-trl««oyclododec.no wa. purified by extraction (acetonitrllo; "'^'^ '^"''o" 
(Kugolrohrl Yield 3 73 g (530A.). white .olid, m p. 51-54"C (uncorrected). The .Iruclure wa. coot.rmod t>y 
'MNMR and "CNMR 

(d) l l hia -4.7.1 0-! fin;rncyclododocano Irlncollc nc id 

t.Th.a-4.7.10-trl«acyclododecane (0.378 g. 2 mmol) wa. dissolved In methanol (20 ml) "^'^ 
„ 04 0, 7 5 mmol) was dl»30lvod In water by ad)u.tlng the pH to 10 with "thlum hydroxide t^^> ""^ "^J» 
.quoou. .olullon wa. added to the methanol .olutlon. 1 he mixture wa. .tlrred at 40 C lor 6 hour, oy 
.dlu.tment of pH to 9-10 with lllhlum hydroxide. The mixture wa. concentrated m vacuo iho r.sidue wn. 
di..olved .0 water (5 ml) and purllled on an AO 50W-X4 cation exchanger. The concentraieo o uate wa. 
rocryslalltsod Irom moth»nol/2-proponol. The title compou nd wa. Isolated a. a while powder Y.,id 0 422 g 
1480/0) mp 113-117 0 The structure was confirm- i by MHNMR and 'JCNMR 

Exom pio ■ 



N N».N''-Tris-carboxymolhyl-4,8-bl3-hydroxymothYl-3.6.9-lrlafaundeCf.nedlacld 



(a) N-Boc-O-bonzylsorIno mn thyl osier 

N-Boc-O bonzylserlno-hydroxysucclnlmlde (16.0 g. 40.8 mmol) was dissolved In methanol (300 rr.!) and 
stirred at iO' C tor 24 hours. The solvent was evaporated and the residue was taken up In ethy, •cola^(l20 
ml), washed with aqueous saturated sodium bicarbonate (2x50 ml) and water (50 ml). The organic .olut»>n was 
dried with sodium sulphate and after evaporation of the solvent the N-Boc-O-bonzylserlne '"e'^' "'e^^" 
.solalod as a colourless oil. Yield 9.9 g (83o/o). The structure was confirmed by 'HNMR and CNMH. 

(b) N-Boc-O-banzylscrlna l 

N.Boc-0-bonzylserlno.melhyl ester (9.5 g. 32 mmol) was dissolved in dry toluene (disiiUed vom s<^um) 
( too m)). The solution was cooled to -70"C. and a solution of dllsobutylaluminlum hydride In lol^na ( ' ^3 
ml 64 mmol) was added dropwiso over a period of 45 minutes under vigorous stirring under The 
mixture was stirred lor an additional 20 minutes and was then allowed to reach -50 "C. HydrocW-nc acK3 t^M 
150 mi) was carefully added and the resulting reaction mixture was allowed to reach -10 C. Tr^e organs layer 
was separated and the aqueous layer was extracted with ethylacetale (2x100 ml). The coms-ned o'Qanic 
solution was dried with sodium sulphate and evaporated to dryness below 40"C (bath temperature), me 
N-Boc-O-benzylserinal was isolated as a colourless oil. Yield 8.6 g (960/o). The structure was --onl.rrn,ed by 
'HNMR and "CNI^R. 
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(c) N,N"-dl-BOC-1.6-diamlno-1.5'dlbenzyloxym ^Tby|. 3.aza'pentttne 

N-6oc-0-benzylserlnal {4.0 g, t4.3 mmolj, ammonium ocotalo (11.4 g. 144 mmol) and sodium 
cyanoborohydrlde 10.65 g. 9.3 mmol) wore atiircd (or 16 houra at 25" C In dry molhanol (40 ml) Walnr (^0 ml) r* 
was added and tho mixture was extracted with dichloromethano (2x 100 ml). The combined extncts wore dried 
over aodlum sulphate and evaporated In vacuo . N.N"-dl-Boc-1,6-dlamlno-1.6-dlbon2yloxymethyi-3-a/a-pon- 
tane was Isolated as a colourless oil. Yield 3 0 g (77(Vb). FAB MS; 544(M + 1). The structure was confirmed by 
'H NMR and *»C NMR. 

to 

(d) 1,6-Dlamlno>1.5-dlbonzyloxymothyl-3'azapentane 

N.N"-dl-Boc-1,6-dlamlno-1.6-dlbenryloxymethyl-3-axapentane (3 0 g. 6.6 mmol) was dl»»o^ved in dtchloro- 
methane (8.8 ml), Trifluoroacetic acid (4 4 ml) was added and the mixture was stirred for 16 Nxirs al 26*'C. Tho 
solvent and trifluoroacetic acid wore removed In vacuo . The 1.6-dlamlno-l,6- dibenzyloxymeihyl-3-azaponlonu tf* 
was Isolated as a colourless oil. Yield 2.9 g (90QA)). The structure was confirmed by NMP and '^C NMf\ 

(e) N^.N'*tN^-Trls-carboxymQ!hyl-4,8'bls-hydroxymothyl-3,6,9-lrlttZttundocanodlacld 

1.5 Dlamlno-1.5-dibenzyloxymethyl-3-azapontano (6.0 g. 14.6 mmol) In methanol (20 mil was added to n iM 
stirred solution of bromoacetio acid (12.1 g. 87.3 mmol) and lithium hydroxide (37 g. 87 3 moioi) in water (20 
ml). The temperature was gradually Increased to e6**C during one hour and the mixture wi* kept stirring at 
85" C for 4 hours. The rokotlon mixture waa kepi in the alkaline range during the alkylatlon The mixture was 
then neutralised with concentrated hydrobromlc acid and was loaded on a strongly catior^ exchanger (AO 
50WX4) and olutod with aqueous ommonia (6M) containing ammonium formate (25 mhA) The crude product ;v» 
was dissolved In methanol (50 ml) and 10«Vt) Palladium on carbon (3 g) wos added. Tho muturo was kopi nt 
50" C overnight, filtered and evaporated. The ti tle compound was Isolated as a white powder Yield 2 3g (340/o) 
mp greater than 350'*C. FAD MS : 454(M + 1 )". The structure was confirmed by 'H NMR and ''C NMR 

Exompfo 7 



N V N N ' 0 - T r Incwf box ymothy l - j . 1 3-blfthydro x yj . 9jb'g_- hyd f o x y m o I hy I • 4 . 7 . 1 0 - 1 f i flz n I f I j o ca ng 



(if 2 (2 ;Hydrox yolhyl)- 1 .3 dio x otan o 

DowoxMSA-1 (90 g. cnrDonnIo form) and 2-(2-bromoothyl)- 1 .3-dloxolnno ( 18. 1 o. 100 m-oi) wore rofluxod 
tn benzene (250 ml) for 5 hours. Tho resin waa flMorod off. washed with dichloromethano (2CC ml) and molhanol 
(500 ml) Tho organic sotvonts wore ovaporntod and tho 2-(2-hydroxyothyl)- 1 .3-d(Oxo'.ino di»tHlod fta n 
colourlosa oit Ylold 7.5 g ',640/o). B p. 150"C (80 mm Hg) Tho structure wna conflrmod b> 'H NMR nnd ^^C 
NMR 

(b ) 2-(2-DonzYloxyothyl)-1.3-dloxolano 

?-(2-Hydroxyothyl)-1.3-dioxolano (7.0 g, 58.3 mmol) was dissolvod in driod tetrahydroTL*-an id<»illlod from 
sodium) (200 ml). Sodium hydride (2.0 g. 66.7 mmol. 8OO/0) was oddod and the mixture was stirroo ol omblont 
tomporaturo until gas ovolullon was complotod. Telrabutylammonlum lodldo (0.22 g. 0 6 -nmoO and benzyl 
bromido (9.7 g. 56.8 mmol) wore added, and tho mixture was stirrod for 24 hours at arr.-ient tomporaturo. 
Diethyl ether (100 ml) was added and tho mixture was washed with water (3x100 ml), dne*:: with magnostum 
sulphate and 2-(2-bonzyloxyothyl)- 1 ,3-dloxolane was distilled as a colourloss oil. Y«eld 93 g (75o/o) 
b o. 75-78"C (0.02 mm Hg). Tho structure was conflrmod by NMR and ^^C NMR 

(c) 3-Bonzyloxy-propanal 

A mixture of 2-(2-bGnzyloxyothyl)- 1 .3-dloxalane (2.0 g. 9.6 mmol). 35% tormaldohyde water (ICK) ml), 
rclrahydrofuran (20 ml) and sulfuric acid (0.25 g) was stirred at 50"C for 16 hours. The murure was coolod to 
ambient temperature, diethyl ethor (200 ml) was addod nnd tho organic phase was sepa.'ated Tho organic 
phaso was washed'wUh water (2x30 ml) and dried with magnosiun sulphate and 3-ben2'voxv-pffopnnnl was 
distilled as a colourless oil. Yiold 1.2 g (760/o). b p. 150"C (40 mm Hg). The structure was co-.'irmed by 'H NMR 
and NMR. 

1.l3-Bisbenzyloxy-S.9-bis b enzyloxymethyl-4.7-l0-tfiazat ridecano 

1.5-Oiamino-1.5-dtbenzyloxymethyl-3-azapontane (0.50 g, 1.5 mmol) was dissotvec :n metrinnol (20 
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ml)..3-Bonzyloxyproponal (0.50 g. 3 mmol), sodium cyanoborohydrlde (0.11 g. 3 mmol) and oA moleculor sieve 
(10 0) were added and the mixture was stlrrp " <r 16 hours at ambient temperature. The reaction mixture was 
filtered, water (20 ml) was added and the m.Ature was acidified with hydrochloric acid to pH 3. The mixture was 
extracted with diethyl ether (2x26 ml), the ether solution was dried with magnesium sulphate, the solution was 
evaporated and the mixture was chromatographed on silica. 1J3.Blsbenzyloxy-5.9-t3i3bonzyIoxymothyl- 
4.7. lO-trlftzatrldecane was Isolated as a white solid. Yield 0.40 g (42<Vo), FAB MS: 640(M + l ) . The structure was 
confirmed by »H NMR and '^C NMR. 

(e) N^N^N^o^Trlscarboxymethyl^1.13■blsbenxyioxy-6,9'b^sben^vloxvmeth vl■4.7.10-trla2atrldecane 

1.13.Blabenzy!oxy-5.g.blsbon2yloxymethyl-47.10-trla2atrldecane (0.37 g, 0.6 mmol) was dissolved in 
2-propanol (6 ml). A solution of bromoacello acid (0.33 g. 2.4 mmol), lithium hydroxkJa (0.10 g 2.4 mmol) In 
water (20 ml) was added. The temperature was gradually Increased to reflux over (We hours and kept at reflux 
for four hours. The reaction mixture was kept In the alkaline range during the alkytalton The solution was 
,3 neutralised with concentrated hydrobromto acid and chromatographed on NVN^NJO.Trlscarboxy. 
methy|.1.13.bisbonzyloxy5.9-bi8ben7yloxymethyM.7,10-trl*2atrldecane was Isolated as a white solid. Yield 
0.30 g (70<Vb) m.p. 150"C. The structure was confirmed by NMR and ''C NMR. 
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(f) N^N^N^0■Trlscafbo xy methvl•1.13■bl8hvdroxy-5,9-blshvdroxyme^hy M,7,10-t^lazatrtdecano 



N'O.Trlocarboxymethy|.1.13-blsbenzyloxy-6.9.blsbenzyloxymethyl-4.7.10.triazairtdecane (0.30 g 0.4 
mmoi) was dissolved In methanol (16 ml), lO^Vb Palladium on carbon (0.3 g) and ammonium formate (0.1 g) 
were added and the mixture was kept at 50"C for 16 hcura. The catalyst was filtered off and washed with 
methanol (5 ml) The filtrate was evaporated and the title compound was Isolated as a while powder Yield 0 14 
25 0 (950^)). M.p. 173-177"C. The structure waa confirmed by NMR and ''CNMR. 

Exampio 8 

i(? Ng^^rhoxymMhyhNJj^^ carbamylmothyl)-4.8-bl9hydroxymothyl0.6.9-triaraundQCano djacld 

( n)NftCnfb o xymothy l-N ^N«-bl9(mo thY'r.arbnmYlmothYl)-4,B>bl»bonzYtoxvmothyl-3.6.9-!rUzaund diocid 

35 3 6 9-Tri9-cnrboxymothyt-4.8-bi»-hydrOKymothyl-3.6.9-tr(azaundecanedlacld (0.6 g, 079 mmol) (from 

Example 6) was dissolved In a mixture of pyridine (5 ml) and acetic anhydride (2 mt). The m.xturo was stirred at 
65- C under a nitrogen atmosphere tor 16 hours. The solvent was evaporated and the residue was dissolved in 
A solution of drv mothylamino In chloroform (1.5M. 50 ml). The mixture was stirred fof 16 hours at ambient 
temperature The solvent was evaporated and the product was purified on siUca N«-Carboxymethy|. 

40 N^N9.bis(methyl cflrbamylmothyl).4.8-bls bonzyloxymethy|.3.6.9-trlazaundecane diacKd was isolated as a 
colouftoss on. Yield 0.30 g (570/0). The structure was confirmed by NMR and 13 C NMR. 

(b) N<*-Carboxymethyl-N3.N0-bis(methyl carbamylmothyl)-4.8-blshydroxyme thYl-3.6.9-tnazoundocano dIacId 

45 N«-Carboxymothyl-N^N».bl5(mothylcarbamy!methyl)-4.e-bls-benzyloxymethyl-3.6.9-tnazaundecanedt^^ 
{0.30 g. 0.46 mmol) dissolved in methanol ( 15 mt) was added to ammonfum formate (0. 1 3 g) and 1 0QA) Paltadlurn 
on carbon (0.20 g). The mixture was kept at 50- C for 16 hours. The catalyst was filtered off 
methanol (5 ml). The filtrate was evaporated and the title compound was Isolated as a wfiite powder. Yield 209 
mg, (95(Vo). M.p. 130*'C. The structure was confltmed by 'H NMR and '^C NMR. 



Example 9 

3 .6,9-Trls-carboxymethyl-4-(2-h ; d roxyethyl)-3.6.9-trlazaundecano diacid 
* - (a) 6-Amino-2-(2-hydroxyethyl)-3-oxo-1-(tris-trlphenylmethyl)-1.4-dlazahexane 

• N-Trlphonylmothyt-a-aminobutyrolactone (10 g. 29.1 mmol) (from Example was dissolved In 
60 ethylenedlamine (60 g. 1.0 mmol). The mixture was stirred at 50*'C for 16 hours. The excess of ethylenedtamine 
was evaporated and the oily residue was dissolved in chloroform (100 ml) and washed with water (5 x 50 ml). 
The organic phase was dried with sodium sulfate and evaporated. The residue was dissolved in THF (100 ml) 
and loft overnight at 4«C. The precipitate was washed with cold THF (10 mt) and dried 6-Amir>o-2-(2-hydrox- 
yethyl)-3-oxo-l-(lris-tripheny(-methyl)-1.4-diazahexane was Isolated as white crysi£!s Yietd 8.8 g (750/o) 
65 m.p 160-16r'C. The structure was confirmed by 'H NMR and ^^CNMR. 
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(b) 1 ,5-Dtamtno-2-(2-hydroxyelhyl)-3-azahep *«*n^ t rlhydrochloflde 

6-Amlno-2-(2-hydroxyolhyl)-3-oxo-l-(lrl8-trlphenyimethyl)-1,4-dlazahexano (8.8 g. 2i 8 mmol) wab dis- 
boJvod In dry THF (distJlled from lithium aluminium hydrldo) (10 ml). Tho solution was stirrod undor an Inorl .1 
atmosphere and cooled to 0"C. Lithium aluminium hydride (9.93 g. 261.9 mmol) was gradually added over 2 
hours. The mixture was heated and woo thert rofluxed for 24 hours. The reaction mixture was cooled to 0"C 
and aqueous THF (10 ml water In 100 mt THF) was added dropwise. 2 N Sodium hydroxide (10 ml) and water 
(10 ml) were added dropwise to the cooled mixture. After 9 ^r*jrs the stirred suspension was filtered and tho 
solid was washed thoroughly with THF (50 ml). Tho filtrate was evaporated to dryness, and the residue was to 
elutod on silica with chloroform; methanol: ammonia In water to yield 4.5 g of a colourless oil. 

The oil was dissolved (n methanol (100 ml). Concentrated hydrochloric acid (10 mt) was added and tho 
mixture was stired at ambient temperature for 16 hours. Tho mixture was filtered and tho filtrate was 
evaporated. Tho residue was extracted with a mixture of water (50 ml) and chloroform (50 ml). The aqueous 
phase was separated and evaporated. 1.5-Oiamlno-2-|2-hydroxyethyl)-3-azaheptane trthydrochtorldo was t5 
Isolated as a white solid Yield 2.8 g (50<>^). FAB MS: 146(M-f 1). The structure was conftrmod by 1HNMR and 
13CNMR. 

(c) 3,6.9-Trls-carboxymothyl-4-(2-hydroxyothyl)-3,6,9-trlaiaundecanedlacld 

PO 

1.5-Olamlno-2-(2-hydroxyelhyl)-3-a2aheptanotrihydrochlorlde (2.8 g. 11.0 mmol) was dissolved In walor (10 
ml) . pH was adfusled to 10 with 4 M lithium hydroxide, and a solution of bromoacetic add (9. 1 4 g. 66 mmoi) and 
lithium hydroxide (2 8 g. 66 mmol) in water (20 ml) was gradually added to the stirred mlxturo at amblont 
temperature. Tho temperature was gradually Increased to 85" C during 4 hours while th© pH was kept in iho 
alkaline range (8 to 10) with aqueous lithium hydroxide. Tho solution was allowed to cool to nmblont 
lomporalufo. noutraHsod with concentrated hydrobromlc acid, loaded on a strong cation oxchangor (AO 
5Wx4) and olulod with 6M aqueous ammonia with 25 mM ammonium formate. After evaporation tho crudo 
product was dissolved in wator and lyophitisod to yield 3.6 g (75o^) of the title compound as a whiio uolid M p 
greater than 350*'C. FAB MS: 440(M + 1). Tho structure was confirmed by 1HNMR and IGCNMR 

to 

Exarnpto 10 



3. 9-BiS' (mothylcarbamoylmolhyl) -6-cnr boxymothyl-4-(2-hydroxy-othyl) -3.6.9 - tria/ aunoocnn odtncfl 

* X*, 
3.6.9-Tris*cnrboxymothyl-4-(2-hydroxyothyl|-3,6.9-trla7aundoconodiflCld (0 5g. 1.13 mmol) wns dlsaolvod in 
n mlxturo of pyrldino (5 ml) and ncotic onhydrldo. Tho mlxturo was stirrod under nitrogen for 16 hours nt 65" C 
Tho solvoni was ovaporalod and tho residue was dissolved In a solution of mothylamine m chloroform (1 5M. 
150 ml). Tho mlxturo was stirrod In a pressure vial a1 60"C lor 24 hours. The mixture was ovaporatod and Ihn 
roslduo purifiod on a slllcn column. Tho titio compound was Isolated as a whito powder Yioid 0 2S g (4 70/o) -lO 
FAB MS 462(M t 1) Tho siructuro was confirmed by 'HNMR and ^^C NMR. 

Example 1 1 

Gadolinium (ill) Cholato of 

Ncarboxymothyl-N.N-bi3-((N'-carboxymethyl-N'-2.3-dlhydroxypropyl)-2-aminoethyl)-amfno 

To a solution of 42. 6g (0.1 mot) of N-carboxymethyl-N.N-bis-((N'-carboxymothyi-N'-2.3-dihydroxypro- 
pyl)-2-aminoethyl)-amino (Example 1) in 300 ml water was added 18. Ig (0.05 mol) of gaootinium oxide Gd?03 50 
and tho mixture wa heated at 95" C overnight. After filtration tho solution was evaporalea and dnod in vacuo at 
50'^C. 

Yield : 56.6g (980/o) (white powdor) 
M.P. ; greater than 350" C 

Relaxivity: 5.0 mM-'s^ ^'i'> 
* Exa ni ple 12 

Gadolinium (III) Cholate of N.N.N-tris-((N'-carboxymelhylN'-2.3-dihydroxypropyl) 2-am.nQethyl)-amino 60 

To a solution of 54. 2g (0.1 mol) of N.N.N-tns-((N'-carboxyniethyl-N'-2,3-dthydfoxypropyi)-2-ami- 
noethyt)amine (Example 2) in 300 ml of water was added 18. Ig (0.05 mol) of gadolinium o^ide GdjOa and the 
mixture was heated at 95"C overnight. After filtration the solution was evaporated and O'-ed in vacuo at 50' C. 
Yield : 68. 9g (990/o) (white powder) (>5 
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MP. : grooter than 350*^0 
Relaxlvity : 5.2 mM-'a*^ 

Exampio 13 

Qadollnlum (III) Cnalate of l-oxa-47.10-trla2acyclododocano-N.N'.N"-tr laceHc acid. 

A i^oUHIon ol 1-oxa-4.7.10-Ula2acyclododecane-N.N',N"-1fiao6tlo add (0.347o (1 mmol)) (Example 3) In U) 
ml water was hoatod to 80' C. An oqulmolar amount of oadollnlum (111) chloride waa added to the ao»utK>n while 
the pH waa contlnuoualy ad|u8ted with 0,1 N NaOH to be within the range 6.6-7, The temperature waa 
maintained at B0"C for two houra after the addition of the gadolinium chloride. The complex wai tsoiated by 
evaporation to dryneaa. 
Relaxlvity : 4.6 mM ^a ' 

Example 14 



Preparation of a aolullon containing gadolinium (III) chelate 
Kf o<KI,N.N-trU((N^carboxymothyl-N'-2>dlhydroxY-propyt)2-amlnoothyl)-amlne 

6 9g of gadolinium (III) chelate of N.N.N-trls((N'.carboxymell./i-N'.2.3-dlhydroxypropyi|-2.i 
noethyD-amlno (the product of Example 12) was dissolved In 20 ml of diatlllod water. The solution was filled 
20ml vial and autoclaved. 
?5 The solution contained 0.5 mmol Qd/ml. 



EKompIo 15 



X Proparati on of a solution containing godollnlum (III) chelate of 
1 -oxa-'47.,10'trla2acycl ododecan o -N.N'.N"'trlacotlc acid 

5 Olg of gadolinium (ttl) chotalo of 1.oxa-4.7J0-trlazacyclododecane-N.N'.N"-trlacotlc acid product of 
Exompio 13) was dissolved In 20 ml of distilled water The solution was filled In a 20 ml vini and autocUvod. The 
,1? solution contained 0.5 mmol Qd/ml. 

Example 1 6 



40 Preparation of a solution containing the disodlum salt of the calcium chelate of 
3.6-bi3-( cnrboxymothy l)-4-hydro xyelhyl-3 .6-diazaoctanodlacld 

3 6-Bi5(carboxymothyl).4.hydroxyothyl-3.6-dla2aoctanodiacld (1.011 g, 3 mmol) (from Example 4) and 
calcium carbonate (300 mg. 3 mmol) wore refluxed for 8 hours In water (15 ml). The mixture was cooled to 
45 ambient temperature. pH was adjusted to 7 by^ careful addition of IN sodium hydroxide, water was added to 20 
ml the solution was filtered and filled into a 20 ml vial. The vial was autoclaved. 

The solution contained 0.15 mmol calcium chelate of 3.6-bls-(carboxymethyl)-4-hydroxyethyl-3.5-d»a2aoc- 



50 



tanedlacid as disodlum salt per ml. 

The solution Is for treatment of acute or chronic poisoning by heavy metals such as lead. 

Example 17 



Vial containing N3.Nq.NP-tris-carboxymethyl-4.e-bis-hydroxymethyl-3.6.9-triazaundecanodiacld 

^ A vial is filled with N3^«^»-lris-carboxymethyl-4.8-blshydroxymethyl-3.6-9-triazaundecanediacid (4 mg) 

(Example 6) and tin (II) chloride (0.22 mg) as dry powder. 

A solution of '^'"Tc as pertechnetale in 0.90/o sterile sodium chloride should be added before use. The 

technelium chelate with N^N^N9-trls-carboxymethyl-4.8-bls-hydroxymethyl-3.6.9-triazaundecaneC:acid ts for 
SO intravenous administration and is a "contrast agenf for scintigraphic examination of organs like broin and 

kidneys. The chelate is also useful for study of kidney function. 

Example 18 
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Pf P«f>tlon of ■ sotutlon of containing the disodlum aaU of the zinc ch^ilata of 
3,6.9-tfla-carboxymethyi-4-(2-hydfoxyethyl)-3.6.9*trlaxaundecanedlacld 

3.6.9-Trl8-carboxymethyl-4-(2-hydroxyethyl)-3,6.: .iiazaundocanodlacid (878 mg. 2 mmol) (Example 9) and 
zinc (II) carbonate (251 mg, 2 mmol) were refluxod for 12 hours In water (16 ml). The mixture was cooled to 5 
ambient temperature, the pH was adjusted to 6 by careful addition of IN sodium hydroxide, wator was added 
to 20 ml. the solution was filtered and filled Into a 20 ml vial. The vial was autoctavod. The sotutlon contained 0. 1 
mmol of the zinc chelate as disodlum salt per ml. 

The solution Is for treatment of acute o. chronic poisoning by heavy metals such as lead and radioactive 
metals such as plutonlum. 

Example 19 



Preparation of a solution containing chromium (III) chelate of 
3,6'bls-(carboxymethyl)-4'hydroxyethyl-3.6*dlazaoctane-dtacl3 " 



Example 20 

Bismulh (III) chelate of 1-thla-4.7.10-trlaz&cyclododecane trUcetIc acid 

A neutral suspension of bismuth hydroxide was prepared by neutralisation of an acidic sdutton of bismuth 
chloride (52.03 mg. 0.165 mniot) with sodium hydroxide followed by centrlfugallon of Iho precipltalo and 
fosusponslon of Iho precipitate In wator (2 ml). This suspension was added to a solution of 
MNa-4.7.10-triazacyclododocano triacotlc acid (60 mg. 0.165 mmol) (Example 5) in water (2 ml) and tho 
mlxluro was titlrred at 80"C until complelo dissolution (approximately 48 hours). Tho water was ovaporotod 
and tho t Ule compound Isolalod as a whito notld. Yield 94 mg {990^) m.p. 190-220' C. lambda mai - 304 nm. 

Exampio 21 

3 .6-dis-(cflrboxymo th yl)-^hydroxymothyl-3.6-dlazaoctanodlac ld 
(a) 2-Bonzyloxymothyl-2-hydfOxy>1-phthollm)do-ethano 



t5 



3.6-Bl8-(carboxymethyl)*4-hydroxyethyl-3.6-dlazaoctane-dlanld (97 mg, 0.3 mmol) (Exampio 4) was 
dissolved In water (10 ml). Chromium (III) chloride hexahydrate (80 mg, 0.3 mmol) In water (2 mi) was added, 
and the mixture was stirred at 65° C for 1 hour. During the first 30 minutes N-methyl glucamino (234 mg. 1.2 
mmol) was gradually added to keep pH at approximately 6. The mixture was cooled to ambient tamperaturo 
and water was added to a total volume of 20 mi. The solution was filtered, filled Into a 20 ml vial and autoclaved. 

The concentration of chromium (III) chelate of 3,6-bls-(carboxymethyl)-4-hydroxyethy1-3.6-diaiaoclane- 
diacld was 15 mmolar. 



P5 
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Freshly distilled bonzyl-glycldylother (60 g, 0.365 mmol), phthallmtde (49.2 g. 0.304 mmol) arxj potassium 
carbonate (3.34 g. 24 mmol) were refluxed with stirring In ethanol (500 ml) for 27 hours. TLC (ndicatod full 
conversion of Iho starting material. Ethanol was removed In vacuo . The residual oily material was transferred to 
a 2 I separation funnel and distributed between ethyl acetate (800 ml) and water (500 ml). The aqueous phase 
was extracted wlih ethyl acetate (200 ml), and the combined organic phases wore washed with water (300 ml). 50 
dried over magnesium sulphate, filtered and concentrated In vacuo . The residual oily materiaJ (115 g) was 
diluted with an equal amount (w/v) of ether (115 ml) and allowed to stand for several days. Cry^tcS were 
collected on a glass sinter and air dried wllh suction for I hour; then dried under vacuum to constant eight. 
Yield: 81 .5 g (72<Wo). The mother liquor was diluted with ether and seeded with crystals from the first crop. Total 
yield: 8OO/0. TLC indicated one spot. Structure was confirmed by NMR and IR> 55 

(b) 2-Benzylmethyl-2-(trlfluoromethylsulfonyto\y)-1-phthalimido-ethane 

2-Ben2ytoxymethyI-2-hydroxy-1-phthalimido-ethane (20 g. 64 mmol) was dissolved in dtchloromethane (180 
mO.'and pyridine (12.2 g~;t^ mmol) was added. The mixture was cooled to -13/-15*'C for 15 nr^nules - then GO 
trifluoromethylsulphonyloxy anhydride (trifllc anhydride) (22 g, 76 mmol) was added. Without further cooling, 
the reaction proceeded for 3 hours. TLC Indicated full conversion of starting material. 

The reaction mixture was transferred to a 1 I separation funnel containing dichloromethane (SO ml) and 2 M 
HCI (100 ml), and shaken. The aqueous phase was extracted with dichloromethane (45 ml); me combined 
organic phases were washed with 2 M hydrochloric acid (100 ml), saturated aqueous sodn.m hydrogen 65 
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oarbonaU (100 ml) and water {100 ml), dried over maoneelum sulphate, filtered and concentrated In vacuo to a 
pate orange solid. Yield: 28. 1 o (990A)). TLC Indicated one spot, and the structure was confirmed by NMR and 
IR. 

5 (c) 2-BenzyloKymethyl-2-a7ldo- 1 -phthallmldo-olhane 

2-Benzyloxymethyl-2-(trltluoromethylsuironyloxy)-1-phthaHmldo-othane (8.5 g. mmol) and sodium 

ojlfie (2.5 0, 38.2 mmol) were stirred In dlmethylformamlde (80 ml) at 60" C tor 6 hours under nitrogen. TLC in 
several systems was Inconclusive because the Rl of the product was Identical to the Rf of the starting material. 

10 A small sample was worked up and IR Indicated lull conversion to the *ulde. The resclion mixture was 
transferred to a 1 I extraction funnel and distributed between ethyl acetate (350 ml) and water (130 ml). The 
aqueous phase was extracted with ethyl acetate (80 ml): tho combined organic phases were washed with 
water (2x120 ml), dried over magnesium sulphate, filtered and concentrated In vacuo to a pale brown oil. 
Crystallisation was initiated by adding ether (7 ml). Crystals were collected on a gliiss slnlsr. washed with cold 

t3 ether and dried under vacuum for 28 hours. Yield: 4,6 g (70aA)). The mother liquors were concentrated, diluted 
with other and seeded with crystals from the first crop - yielding another 1 g. Total yield: 5.5 g (85o/o). The 
structure was confirmed by NMR and IR. 

(d) 2-AmlnO'2'bonzylo x ymothyl- 1 'phthallmldo-ethano 

Into a stirred solution of 2-benzyloxymethyl-2-a2ldo-1-phthatlmldo-ethBno (600 mg. 1.5 mmol) In 4:1 
pyrldlno/waier (25 ml) was bubbled hydrogen sulphide, and the reaction was monitored by TLC. After 4 ho iro. 
the gas flow was stopped, and tho reaction flask soalod. Tho Intense green reaction muiur^ was stirred for 
another 17 hours. TLC Indicated full conversion of the starting material. QIaclal acetic acid was added to pH 7. 
P5 and the reaction mixture was evaporated to dryness In vacuo . After evaporation from tthsnol (3x25 ml), the 
rosultlng brown solid was purified by chromatography. Yield - 20<Vo. Tho structure was confirmed by NMR 
and IR 

^ o) 1 ,2-Dlamlno- 1 •bontyloxymoth yl-e thano-dlhydrochlorlde 

X) 

1-Amlno-2-bon/yloxymothyl-1-phthallmldo-othano (3.0 g. 9,7 mmol) Is dissolved In 50 ml dry mothnnul and 
hydraxino hydrate (9C8 mg. 19.3 mmol) Is added. After being rofluxod for 4 hours, the reaction mixture Is stirrod 
for 24 hours nt nmbloni tomporalure and 50 ml 2N hydrochloric acid was added. Tho phthalhydrazldo la 
romovod by filtration and tho 1 .2'dlamlno* l-bonzyloxymothyl-ethano-dthydrochlorido Is purittod by rocrystnlH* 
.V* solton from dry othanot. 

(f) 4-G on/ yloxy m olhyl-3.6-bls-cnrboxymothyl-dla2aoctftnodlncld 

1 .2-Olamlno-2-bon2yloxymelhyl-olhano-dlhydrochlorlde ( 1 .2 g. 4.74 mmol) Is dissolved «n water ( 10 ml), and 
40 the pH Is adjuslod to 9.5 with lithium hydroxide. Bromoacetic acid lithium salt (3.49 g. 23.7 mmol) Is added and 
tho mixture Is heated to 50"C and stirrod at this tomporature for 24 hours. During this ponod tho pH Is kept 
constant (9-10) by adding a solution of lithium hydraxJde (1M). The mixture is cooled to ambient tomporaturo 
and applied to a Dlorad AQ 50W-X4 column (80 ml) and olutod with wator and aqueous saturated 
ammonia. 4-Bon2yloxymo!hyl-3.6-bts-carboxymothyl-dla2BOCtane-dlacld Is Isolated as a yellow solid. 

45 

{g) 3.6-Bls-(CQrboxymothyl)>4-hydroxymothyl-3.6-dln2aoctanedtacld 

4.Bonzyloxymelhyl-3.6-bis-carboxymethyt-dla280Ctanedlacld (1.0 g. 2.4 mmol) Is dissolved in mothanol (20 
ml) and lOO/b Palladium on carbon (5 g) Is added. The mixture Is kept at SO'^C ov-ernight. fittored and 
50 evaporated. The crude product Is applied to a AQ 50W-X4 column, washed with methanol :wator (1:1) and 
olutod with 6M aqueous ammonia. The title compound is Isolated as a white powder. 

Example 22 

55 

1 -(5-Hydroxy-3-oxapontyl)-1.4.7.10-tetraazacyclododecane-4.7.10-trlacetic acid 
fa) l.4.7.10-Totraazacyclododecane-4.7.10-triacetic acid tri-t-butyl oster 

* Sodium acetate (1.23 g. 15 mmol) was added to a stirred suspension of 1.4.7.10 tetraazacyclododecanc 
(0.864 g. 5 mmol) (prepared in accordance with J. Am. Chem. Soc. 96 2268 (1974) and Liebigs Ann. 
Chom 1340 (1977)) in N. N-dimethylacetamldo (DMA) (15 ml) at ambient temperature. A solution of 
bromoacetic add t-butyl oste7(2.93 g. 15 mmot) In DMA (8 ml) was added dropwise to the stirred mixture, and 
65 Iho mixture was stirrod at ambient temperature for 6 days. The solvent was evaporated and 1.4.7.10- 
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tetr8azacyclododocane-4.7.10-tr)acetlc acid tri-t-butyl ester was purified by flash chromotography on b silica 
column wllh chloroform :methanol 8:2 as eluent. Yield 1.8 g (70o/o). White solid, m.p. 165-175"C. 

( b) 1-(5-Hydroxy-3-oxapentyl)-1.4.7.10-letraazacyclodo ' .^^ane-4.7.10-trlacoltc acid 

5 

1 .4.7.10-Totraa2acyclododocano-4./.lO-triacollc odd Irl-l-butyl-oslor (515 mg. 1 mmol) was dissolved in 
dimethylformamide (3 ml). Sodtum iodide (15 mg« 0.1 mmol). triethylamlne (233 mg. 2.5 mmol) and 
2(2-chloroethoxy)ethanol (313 mg,,3.5 mmol) were added to the stirred mixture at ambient tomperature. The 
mixture was stirred for 18 hours at ambient temperature. The temperature was then raised to 1CX)"C arxl kept 
there for 1 hour. The solvent was then evaporated and the residue dissolved In a mixture of dichloromethane to 
(4.5 ml) and trifluoroacetic acid (4.5 mt). The mixture was stirred for 2 hours at ambient tomperature and the 
solvent was then evaporated. The residue was dissolved In water (8 mt). and this aqueous solution was washed 
with ether (6x4 ml). The aqueous solution was acidified and the title co^yoy'^d was Isolated as a hygroscopic 
white powder after evaporation of the water. Yield 326 mjj {76<Vb). FAD MS: 435(M + 1). The structure was 
confirmed by 'HNMR and NMR. v /5 

Example 23 



l-(8-Hydroxy-3.6-dloxooctyl)'1,47,10-totraa2acyclododeane - 4.7,10-trlacellc add 20 

t.4.7.10-Totraa2acyclododecano-4,7,10*triacetlc acid trl-t-butyl ester (129 mg. 0 25 mmol) (Example 22(a)) 
was dissolved In dimethylformamide ( 1 ml). Sodium Iodide {7.S mg. 0.5 mmol). triethylamlne (76 mg. 0.75 mmol) 
and 2*|2-(2-chloroothoxy)-othoxy)e1hanol (85 mg. 0.5 mmol) wore added to the stirred mixture at ambient 
temperature. The mixture was stirred at ambient temperature for 90 minutes. the temporaturo was than raised Pfy 
to lOO' C and kopt there for 1 hour. The solvent was evaporated, and the residue was dissolved in 
dichloromethane (2 ml) and washed wllh water (1 ml). Trifluoroacetic add (2 ml) was addod to the organic 
phase and the mixture was stirred at ambient temperature for 1 hour. The solvents were evaporated and the 
roatdue dissolved In water (4 ml). The aqueous solution was acidified, the water was ovaporaled and tho tiHo 
compound was isolated as a hygroscopic while powder. Yield 77 mg (640/o). Tho structure was conftrmod by 30 
^HNMR and ^^CNMR. 

E nnmplo 24 



1(2 Hydfoxy -prop yl) - 1 .4.7.10-lotranzncyclododocano-4.7.10-lflacotlc acid 

1.4.7.lO Totraa2acyclododoCBno-4.7,10-trlacotfc add tri-l-butyl ostor (129 mg. 0 25 mmol) (Example 22(a)) 
was dissolved (n dimothytformamldo. Sodtum Iodide (7,5 mg, 0.5 mmol). Iriothylamino (76 mg, 0.75 mrroi) and 
3-chtoro-2-propanol (48 mg. 0.5 mmot) wore addod to the stirrod mixture at ambtoni temperature. Th« mixture - -to 
was stirred for 4 hours at ambient tomperaturo. the temperature was then raised to 100" C and kopt there for 2 
hours Tho solvent was evaporated, and tho roslduo was dissolved In dichloromothano (2 ml) and washed with 
water ( 1 ml). Trtfluoroacotic odd (2 ml) was added to tho organic phase and the mixture was stirrod al a.Tibtent 
temperature lor 1 hour. Tho solvents wore ovaporaled and tho residue dissolved in water (4 ml). Tho aqueous 
solution was washed wllh other (5x2 mi). Tho oquoous solution was acidifiod. the water was evaporated, and 
the title compound was Isolated as a hygroscopic whtio powder. Ylold 75 mg (740/o) The struclu^e was 
confirmed by^HNMR and '^CNMR 

Example 25 



1-(3-Hydroxy-propyl)-1 .4.7.10-tetraazacyclododecane-4.7.l0-triacolic acid 

1.4.7,10-Tetraazacyclododocano-4.7.10-triacetlc add tri-l-butyl osier (360 mg. 0.70 mmol) (Example 22(a)) 
was dissotved in dimethyltormamido (2.1 ml). Sodium iodide (15 mg. 1 mmol). triethylamino (142 mg. 1 i mmol) 55 
and 3-chloro-1-propanol (132 mg. 1.4 mmol) were added to the stirred mixture al ambient lemperatLrre The 
mixture was stirrod (or 3 hours at ambient temperature, the temperature was then raised to 100*' C and kept 
there for 2liours. The solvent was evaporated and the residue was dissolved in dichloromethane (3 m() and 
washed with water (1 ml). Trifluoroacetic acid (2 ml) was added to the dichloromethane soluJion and the 
mixture wa^. stirred at ambient temperature for 1 hour. The solvents were evaporated and the residue 60 
dissolved in water (6 ml). The aqueous solution was washed with ether (6x3 ml). The aqueous soluion was 
acidified, the water was evaporated, and the title compound was isolated as a hygroscopic white powdc Yield 
192 mg (68O/0). FAB MS: 405(M+1). The structure was confirmed by ^HNMR and ^^CNMR. 
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Exampio 26 



Qd(lll) cholate of 1 -(5-hydrox j_^3H0xa-j^lyi ;' 1 , ^. jOMetraazacyclodod actd 

^ 1 -15-Hydf oxy-3-oxaponlyt)- 1 A J. lO-tolraazacyclododocano-4.7. lO-lrlacollc ucid (400 mg) (Ennmplo 22) wns 

dissolved tn walor (15 ml) and the pH was adjusted to 5.9. Gadolinium acetate tolrahydrole (203 mg, 0.5 mmol) 
was added and the mixture was stirred at 60 'C for 12 hours. The cooled aqueous solution was eluled through 
a mixed Ion exchanger, the water was evaporated and the title compound was isolated as a white powder 

10 Yield 212 mg i720/o). 

E xample 27 



15 Bismuth (III) chelate of N^N>.NP-tris-carboxymothyl-4.6-bts-hydroxymethyl-3.6.9-trtozaundocanediac)d 

A neutral suspension of bismuth hydroxide was prepared by neutralisation of an acidic solution of bismuth 
chloride (69.4 mg. 0.22 mmol) In water (3 mi) with sodium hydroxide solution followed by centrifugatton of tho 
precipitate and rosuopension of the procipltato in water (2 ml). This suspension was added to a solution of 
A? N^N«.N»-trls-carboxymothyt-4.8-bls-hydroxymolhyI-3.6.9-tria2aundocflnediacld (100 mg. 0 22 mmol) 
(txampio 6) tn water (20 mi). The pH was adjusted to 5.0 with sodium hydroxide solution, and the mixture wan 
stirred at 95' C (or 12 hours and rofluxod for 7 hours. Tho water was evaporated and tho title compound was 
(solatod as a whtto solid. Yield 139 mg (950/o). 

P5 Exomf>[o 28 

0 Q doitntum (III) choiato of N^.N » . N P-tri9-carboxymothyl-4.6-bts-hydroxymo thyi-3 j j-Uin^^^^^ 

.ii) A solution of gndollnlum acotato lotrahydruto (89 mg. 0.22 mmol) in water (4 ml) was added to a sttrrod 

sotulton of N3.N0,N»*tris-Cflrboxymothyl-4,B-bi8-hydroxmothyl-3.6.9-tr(n/aundocanodiactd (100 mg. 0.2? 
mmol) (Exompto 6) i^T water (20 ml) at ambient lomporaturo {pH 5.7). Tho mixturo was stirred for 90 minutes nt 
\}b C tho ROlvonl was nvnporwtod and Iho t itio co m pound was Isolated as a whito powdor Ylold 1?8 mg (9B0/f>). 
FAO MG 608(M f 1) 

Exnmpio 29 

Gadoiinmm (III) cholnio of 1 th in-4.7. 10-trin/acyclododocnno trtacottc acid 

•to 

A solunon of QOdolinium ncotnto totrahydrnto (0.13 g. 0.33 mmol) in walor (3 ml) was addod to a sHrrod 
solution of Mhia-47.10-trla7acvciododocQno trlacotic acid (0.12 g. 0.33 mmol) (Exampio 5) tn wator (2 ml) at 
ambient tomporoluro. Tho pH was odjustod to 5.5 by addition of 0.1N ammonia solution and tho mixture was 
sttffod at 70"C for 22 hours (with repeated odiustmont of pH). The solvent was evaporated and tho tlHo 
jj; ccjmjDOjLjnd was isolated as a whito powdor Yield 0.168 g (980/o) m.p. greater than 350' C 

Ex ampio 30 



50 Man ganoso (II) choiato of 1 -ihla-4.7.10-triazacyclododecane triacetic acid 

t-Th)a-4.7,lO-tr)azacyclododecane triacetic acid (0.727 g. 2 mmol) (Exampio 5) was dissolved in wator (20 
ml), and the pH was adjusted to 5.8 with IN hydrochloric acid, f^anganoso carbonate (0.230 g. 2 mmol) was 
added and the suspension was stirred at 100" C until complete dissolution. The walor was evaporated and tho 
^~ title c ompound isolated as a whito hygroscopic powder. Yield 0.81 g .(98%). 

Example 3 1 

Fe(ni) chelate of 1 -(8-hydroxy-3.6-dioxaoclyl)-1.4.7.10-tetraa2acyclododocane-4.7. tO-triacet>c acid 

l-t8-Hydroxy-3.6-dioxaoctyl)-1.4.7.l0-tetraa2acyclododecane-4,7.l0-triacottc acid (72 mg. 0.15 mmol) 
(Example 23) was dissolved in water (5 ml), iron (111) chloride (24.3 mg, 0.15 mmol) was dissolved in water (5 
ml), and added to the above solution. The pH was adjusted to 4 and the mixture was stirred at lOO' C for 30 
65 minutes. The water was evaporated and the title compound isolated as a brown hygroscopic powder. Yield 77 
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mo (97tW)). 
Example 32 

5 

5.9-Bls(hydroxymethyl)-1-oxa-4.7,10-trlazacyclndodecane'4.7.10-triaceflc acid 

(a) DIglycollc acid dimethyl ester 

10 

Ololycolto acid (67,05 g. 0.6 mol) was dissolved In a mixture of methanol (122 ml. 30 mol) and 
1.2-dlchloroethane (150 ml). KSF-catalyst (Aldrlch) (2.5 q) was added and the mixture was refluxed for 16 
hours. The mixture was cooled to ambient temperature, filtered through alumina, washed with aqueous 
saturated sodium hydrogen carbonate (100 ml) and dr)dd*over magnesium sulphate. The solvent was 
evaporated and dlgtycollc acid dimethyl ester was Isolated after distillation as a colourless oil. Yield 39.6 g is 
(49«W)) b.p. 65-66'C (0.055 mmHg). 

(b) Diglycoltc acid dichlorlde 

Dlmethytformamlde (10 drops) was added to a stirred solution of dlgtycollc acid (13.4 g. 0.1 mmol ) in thionyl 20 
chloride (50 ml) at ambient temperature. T^e mixture was stirred for 2 hours at 60** C arwl excess thionyl 
chloride was svaporated and the last trace of thionyl chloride was removed azeotroplcatty with benzene. 
DiglycoMc acid dichlorlde was Isolated as a colourless oil. Yield 13.7 g (dOVb). b.p. 1 16" C (15 mm Hg). 

(c) 5.9-Bis(benryloxymethyt)-1-oxa-4.7,10-trla7acyclododecane'3,11-dlone (Alternative 1) 25 

1.5-Dlamino-1.5-dtbenryloxymethyl-3-a2a-pentane (0.250 g, 0.73 mmol) (Example 6 (d)) and digJycollc acid 
dimethyl ester (0.118 g. 0.73 mmol) were dissolved In methanol (20 ml). T^le mixture was refluxed for 6 daya. 
The solvent was evaporated and the mixture chromatographed on a silica column. 5.9-6ls(benzyloxy- 
methyl)- 1-oxa-4, 7, 10-trlazacyclododocane-3. 1 1-dione was Isolated as a yellow oil. Yield 0.273 g (850/o}. FAD 30 
MS: 442(M^^1), . ^ 

(d) 5.9-Bts(bonzyloxym«thyl)-1-oxa-4.7.10-triazacyclodod9cane-3.1 1-dlone (Alternative 2) 

A solution of 1,5-dlamlno-1.5-Oib0nzytoxymethyl-3-aza-pentane (0.57 g. 1.7 mmol) (Example 6 (d)) and 35 
triethylamlne (0.34 g. 3.4 mmol) In dlchloromethane (10 ml) and a solution of dlglycollc acid dichlorlde (0.29 g. 
1.7 mmol) In dlchloromethane (10 ml) were added simultaneously over 2.5 hours to vigorously stirred 
dlchloromethane ( 10 ml) at 0° C. The solution was stirred at ambient temperature overnight . washed with water 
(2 X 30 ml), dried with sodium sulphate and evaporated. Yield 0.59 g (78%). 

40 

|e) 5,9'Bls-(benzoloxymethyl)-1-oxa-4.7.10-triazacyclododecane 

5.9-Bis-(benzyloxymethyl)-1-oxa-4.7.10-lriazacyclododecane-3,1 1-dione (0.250 g. 0.566 mmol) was dis- 
solved in dry tetrahydrofuran (10 ml) cooled to O'^C. A 1 M solution of borohydride-THF complex In 
tetrahydrofuran (5 ml) was added under nitrogen and the mixture was stirred at ambient temperature for 14 45 
hours. 2 M Hydrochloric acid (3 ml) was added and the mixture was concontrated in vacuo to approximately 1 
ml volume. 25<Vo Ammonia solution (2 ml) was added and the mixture was extracted four times with 4 ml of 
chloroform. The extracts were concentrated in vacuo and gave a yellow oil which showed an absence of 
carbonyl bands in IR. Yield 0..''?7 g (970/o). FAB MS: 414(M+1), 

50 

(f) 5.9-Bi3'|hydroxymethyl)-1-oxa-4.7,10-triazacyclododecane 

5.9-Bis(benzyloxymethyl)-1-oxa-4,7,10-triazacyclododecane (0.24 g. 0.6 mmol) was dissolved in rriethanol 
(10 ml). Ammonium formate (0.20 g, 3 mmol) and 10QA) Palladium on carbon (0.40 g) were added and the 
mixture was stirred under a nitrogen atmosphere at 50° C for 16 hours. The catalyst was filtered off and washed 55 
with methanol (5 ml). The filtrate was evaporated and the 5.9-Bis-(hydroxymothyl)-1-oxa-4.7,iO-trla2acycto- 
dodecane was isolated os a colourless oil. Yield 0.12 g (86%). 

( g) '5.9-Bi3(hydroxymethyl)-1-oxa-4.7.10-triazacyclododecane-4,7,10-triacetic acid 

- - 60 

5.9-Bi3-(hydroxymetf»yl)-1-oxa-4.7.10-triazacyclododecane (0.12 g. 0.5 mmol) was dissolved in water (2 ml). 
The pH was adjusted to 10 with 4 M lithium hydroxide, and a solution of bromoacetic acid (0.21 g. 1.5 mmol) 
and lithium hydroxide (0.06 g, 1.5 mmol) In water (2 ml) was gradually added. 

The temperature was gradually increased to 85°C during 6 hours while the pH v/as i<epi in the alkaline range 
with aqueous lithium hydroxide. The solution was allowed to cool to ambient temperature, neutralised with 65 
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concontraled hydrobromic add. loaded on a strong cation exchanger {AQ60Wx4) and eluted with 6 M 
aqueous ammonia with 60 mM ammonium formate. The solution Is concentrated by lyophlllzatlon and the title 
compound Isolated. Yield: 0.09 g. (42<Vb). 

«» Example 33 

5.9-Bls(h ydroxymethyl}-1-thta-4.7«10'trlazacvclododecane trlacetlc acid 



10 



20 



JO 



60 



(a) 5.9-Bls(benzyloxymethyl)-t-thla-47.10-trla2acvclododecane-3.11-dtone 



1.5-Diamlno.1.5-dlbenzyloxymethyl-3-a2apftntane (0.282 g, 0.82 mmol) (Example 6(d)) and thiodlglycollc 
actd dimethyl ester (0,146 g. 0.82 mmol) (Example 6 (a)) were dissolved in methanol (20 ml). The mixture was 
15 reftuxed for 6 days. The so^ent was evaporated and 6.9-bls(benzyloxymethyi)-1-thla-4.7.10-triA2acyclodode. 
cane-3,1 1-dlone was Isolated as a yellow oil after chromatography on a silica column. Yield 0.352 g (940/o) FAB 
MS: 458(M+1). 



(b) 5,9'Bl8(benry!oxymethyl)-1-thla-47,10-!rlazacyclododecane 



5 9-Bl8(ben2y!oxymethyl)-1-thla-47.10-trla2acyclododecane-3,11-dlone (0.362 g. 0.769 mmol) was dis- 
solved In dry THF (10 ml) and cooled to 0*'C. A 1 M solution of borohydrlde -THF complex In THF (5 ml) was 
added under nitrogen and the mixture was stirred for 1 hour at ambient temperature and rofiuxed for 0.6 hours. 
To the cooled solution was added 2 M hydrochloric acid (3 ml) and the resulting mixture was evaporated to 
25 dryness. Water (1 ml) and 25<Vto ammonia solution (1 ml) was added and the mixture was extracted 3 times 
with 4 ml chloroform. The combined extracts were concentrated In vacuo and gave a yellow oti which showed 
absence of carbonyl bands In IR- Yield: 0.29 g (8B(Vo). FAB MS: 430(M+ 1). 



(c) 5,9-Bls(hydroxymethyi)-1-thla-4.7.10-trlazacyclododecan e 



6,9-Bis(benzyioxymethyi)-1-thia-47,10-triazacyclododecane (0.28 g. 0.65 mmol) was dissolved in methanol 
( 10 ml). Ammonium formate (0.39 g) and 100/0 Palladium on carbon ( 1 .3 g) were added under nitrogen and the 
mixture was stirred at SCC for 16 hours. The catalyst was filtered off and washed with methanol (5 ml). The 
fthrato was evaporated and 5,9-bls(hydroxymethyi)-1-thia.4.7.10-trlazacycIododecane was isolated as a whtto 
35 solid. Mp. 210-220"C (subi.). Yield: 0.099 g (610/0). 

(d) 5.9-Di5(hydroxymelhyi)-1-thia-4.7.10-l'''azacyclododecane trlacetlc acid 

5.9-Bis(hydroxymethyt)-l-thia-4.7,10-triazacyciododecane (0.090 g. 0,361 mmol) is dissolved in waler (2 mi). 

40 The pH is adiusted to 10 with 4M lithium hydroxide, and a solution of bromoacetic acid (0.170 g. i .226 mmol) in 
waler (2 ml) is gradually added. The temperature is gradually increased to 85° C during 4 hours while the pH is 
kept in the alkaline range (8 to 10) with aqueous lithium hydroxide. The solution is allowed to cool to ambient 
temperature, neutralised with concentralod hydrobromic acid, loaded on a strong cation exchanger (AG 
50Wx4) and etuted with 6M aqueous ammonia with 25mM ammonium formate. The solution Is evaporated and 

45 the title compound is isolated. 

Example 34 

so Preparation of a solution contali.ng the calcium salt of the gadolinium (111) chelate of 
N3.N^.N^-trlscarboxymethyl-4.8,bls-hydroxymethyl-3.6.9-triazaundecanediacid 

Gadolinium (ill) chelate of N^.N^^I»-trisca^boxymethyl-4.8-bishydroxymethyl-3.6.9-t^ia2aundecanediacid 
(607 mg. 1 mmol) (Example 28) and calcium hydroxide (74 mg, 1 mmol) were suspended in v^3ter (8 ml). The 
55 mixture was refluxed for 5 hours, the pH was adjusted to 7.0 and water (to 10 ml) was added. T^e solution was 
filtered and filled into a 10 ml vial. The vial was autoclaved. The solution contained 0. 1 mmol Gd per ml. 



Example 35 

Preparation of a sciutior^ containing the di-lysine salt of the gadolinium (111) chelate of 
NJ.N^.NQ-trtscarbo<ymethyl-4.8-bishydroxymethyl-3.6,9-triazaundecanediactd 

Gadolinium (III) chelate of N3.N«.N«-triscarboxymethyM.8-bis-hydroxymethyl-3.6.9-triazaijndecanediacid 
65 (3.04 g. 5 mmol) (Example 28) and lysine (2.92 g. 10 mmol) were suspended in water (8 mi). Tr>e mixture was 
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reduxed for 4 houra, the pH was ad|u»t»d to 7.0 and water (to 10 ml) was added. The solution was filtered and 
fitted Into a 10 ml vial. The vial was autoclaved. The solution contained 0.5 mmol Qd per ml. 

Example 36 

N^-Carboxymethyl-N3.N<'-bls(2,3-dihydroxypropyl-carbamylmethyl)-4.8-bts(hydroxymethyl)-3.6.9-lna2aundo- 
cane diacid 



■Carboxymethyl-N^,N^-bls(2,3-dlhydroxypropyl-carbamylmethyl)-4.e-bls(benzyloxymethyl)-3.6,9-trlazaun> 
decane diaold ] 

3,6.9-Trls-carboxymothy(-4.e-bl8(benxyloxymelhyt)-3.6,9-tria2aundecanedlacld (0.6 g. 0.79 mmol)(Example 
6) was dissolved In a mixture of pyridine (5 ml) and acetic anhydride (2 ml). The mixture was stirred at 66** C 
under a nitrogen atmosphere for 16 hours. The soh^enl was evaporated and the residue was ditsotved In 
dimethylformamlde (5 ml). A solution of 1-amlno-2,3-propanediol (0.7 g. 7.6 mmol) In dimethylformamide (2 ml) 
was added. The solution was stirred for 16 hours and the solvent and excess reagent were evaporated. 
N«-Carboxymolhyl-N3.N»-bls{2>dlhydroxypropyl-carbamylmothyl)*4,e-bls(benzyloxymethyl)-3.6,g-trla2aun- 
decane dIacId was Isolated as a colourless oil. Yield 0.32 g (62<Wd). The structure was confirmed by NMR and 
»3C NMR. 



Ny.Carboxymethyl-N^N^-bis(2>dthydroxypropyl-carbamylmBthyi)-4,8-bl9(hydroxymethyl)-3.6.9Mtw 
cane diacid 

N»-Carboxymethyi.N5.N»-bl8(2.3-dlhydroxypropyl-carbamylmothyl)-4.8-bl8(benryioxymethyl)-3.6.9-trla- 
zaundecane dlacId (0.32 g. 0.41 mmol) was dissolved In methanol (16 ml). Ammonium formate (0.13 g) and 
10<Vt» Palladium on carbon (0.20 g) were added and the mixture was stirred at 50° C for 16 hours. The catalyst 
was filtered off and washed with methanol (5 ml). The filtrate was evaporated and the title compound was 
isolated as a colourless oil. Yield 0.23 g (950^). The structure was confirmed by NhAf\ and '^CNMR 

E xample 37 

Solution containing gadolinium (III) cholote of 1-oxa-4.7 J0-tria2acyclododecane'N.N'.N"-tflacetic acid for 
parenteral administration 

Gadoiinium (III) chelate of 1-oxa-4.7.10-trlflzacyclododecano-N.N'.N"-lrlacetlc acid (Example 13) 0 50 g 

Saccharin sodium 1.0 g 

Ethanol 10.0 g 

Orange essence 0.3 g 

Apricot essence 0.7 g 

Water ad 1000 ml 

Gadolin'kjm (III) chelate of 1-oxa-4,7,10-trlazacyclododecane-N.N'.N"-triacGtic acid was dissolved in water 
(500 ml). The essences wore dissolved In ethanol and slowly added to the aqueous solution. Water was added 
to bring the volume to 1000 ml and the solution was filled Into a 1000 ml vial. The solution contairved 1 mmol 
gadolinium per litre. 

Example 36 



2-(2-Hydroxyethyl)-1.4.7.11-tetraklS'Cafboxvmethyl-1.4.7.n-letraazacyclododecane 



(a) 2>(2-Hydroxyethyl)-3-oxo-l7-bts(trlphenylmelhyl)-1.4.7-triazaheptane 

6-Amino-2-(2-hydroxyethyl)-3-oxo-1-(trlphenylmethyl)-1.4-dia2ahexane (15.0 g, 37.2 mmol) (Example 9(a)) 
was dissolved in 150 ml DMF and triphenylmethyl chloride (10.35 g. 37.2 mmol) and mothylmorpholrie (3.75 g. 
37.2 mmol) was added. After being stirred for 24 hours at ambient temperature, the reaction rraxture was 
fitterecTand poured Into 200 /nl of ice water. After 1 hour stirring, filtration and thoroughly washing the 
precipitate with wnver, the solid was dried in vacuo at 50" C to yield 22 g of crude product. The product was 
dissolved In chloroform/toluene/methanol (80/16/14) and purified on silica to yield 6.6 g (27o/o) of 
2-(2-hydroxyethyl)-3-oxo-l7-bis(triphonyimethyl)-1 .4.7-triazaheptane as white crystals, m.p. 71-72*^0. FAB 
MS: 646(M+1). The structure was confirmed by NMR. 
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(b) 2-(2-Benzyloxyethyl)-3-oxo-1.7'bls(trlphenyt'melhyl)-1.4.7-tfiA 2 aheplane 

2-(2-Hydroxyolhyl)-3-oxo-1.7-bl3(trlphonylm .4,7-trlazahupt8ne (10 mmol) is reacted as doscrtbod by 

S. Czerneckl ot al . Telr. Lett. (1976) 3535 with BQO/o sodium hydride (11 mmol) and benzytbromido (10 mmol) 
catalysed by tetrabutyl ammonium Iodide (1 mmol) for 24 hours at ambient temperature (in 100 ml dry 
THF). 2-(2-Ben2ytoxyethyl)-3*oxo-1.7-bls(trlphenylmethyl)-1.4,7-tr)azaheptane Is purified by chromatography 
on silica. 

(c) 1 .5-Dlamtno- 1 ■<2-benzyloxy-ethyi)'3-a2a-pentane hydrochloride 

2-(2-Bonzyloxyethyl)-3-oxo-1.7-bls(trlphenylmelhyl)-1.4.7-lriazaheplano Is reacted In a manner analogous 
to the reaction of step (c) ot Example 9 up to the point where the purified product Is taken up In methanol and 
cone, hydrochloric acid Is added. From this point the method described by M. Besaodes et al .. Tetr. Let! . 
(1986) 579 to remove the triphenylmethyl protecting groups is employed: the product Is taken up In a mixture 
of formic acid and dlethylether and refluxed for several hours. After evaporation to dryness the product Is 
dissolved in water, the pH Is adjusted to 10 and the product is extracted with chloroform. The organic phase Is 
evaporated and the product Is taken up in dry ethanol. Dry hydrogen chloride gas Is bubbled through the 
stirred solution cooled with an Ice/water bath, and 1,5-diamlno-1-(2-benzyloxy-ethyl)-3-azapentano 
hydrochloride Is collected by filtration. 

(d) 2-(2-Bonryloxye1h y l)-trts-1.4.7-(4-mothylbenzone5ulphonyl)-1.4y-triazaheptane 

1 .5-Dlamino- 1 -(2-bonzyioxy-othyl)-3-a2a-pontane hydrochloride ( 10 mmol) Is dissolved in 20 ml ol water and 
the pH Is adjusted to 10.5. Tosyi chloride (30 mmoi) dissolved In ether (15 ml) is added dropwise while tho 
reaction mixture Is vigorously stirred at ambient temperature for 24 hours. Thu ether phase is gradually 
evaporated to a minimum and tho white solid is collected and purified on silica to yield 2-(2-benzylox- 
yothyl)-trls-l .4.7-(4-mothylbonzonesutphonyl)-1 .4,7-trlazahoplBnG. 

(o) 2-(2' Hydrox yothyl}-1.4.7.1 1 -totranzac yc l ododocano 

2-(2-Bonzyloxyothyl)-lrl3-1.4.7-{4-mothyl-bonzene3ulphonyl)- 1.4,7-tria2ahoptane (10 mmol) is dissoivod in 
20 mi dry ethanol and o solution of sodium othanoato (20 mmol) in 20 ml ethanol is added. The reaction mixluru 
13 rofluxod for 1 hour, tho solvent Is ovaporatod and tho residue Is taken up in dry dimethylformamide ( 100 ml) : 
during 15 minutes this solution is added to a solution of diethanolamine tritosylate (10 mmol) (prepared 
according to the method of Richman et al . J. Am. Chem. Soc. 96 (1974) 2268) in 50 ml dry OMF. 

After 2 hours stirring at IIO' C tho solution is pourod into 150~ml ice water and. the solid is co'.^fctod by 
filtration and dried I n vacuo . The solid is slirrod In cone, sulfuric acid and water at IIO'C for 45 hours. Tho 
suspension is diluted with 6N hydrochloric acid and THF and after cooling the crystallisale is collected and 
2-(2-hydroKyolhyl)-1.4.7.1 1 -totraazacyclododocano is purified by chromatography 

(f) 2-(2-Hydroxyothyl)-1.4.7.1 1 -totrakls-carboxymothyl- 1 .4.7. 1 1 -totraazacyclododecano 

2-(2-Hydroxyethyl)- 1 .4,7.1 1 -tetraazocyclododocane (10 mmol) is dissolved in 50 ml water and trie pH is 
adjusted to 10 using 4 M lithium hydroxide solution. Bromoacetic acid lithium sail is added at 60 "C and tho pH 
is kept alkaline wttile the temperature Is gradually increased to 85" C. After 10 hours the solution is loaded on a 
strong cationic ion exchanger. Biorad AG 50W-X4, and oluted with 6 M ammonia in water containing 50 mM 
ammonium formate. The solution is evaporated and the title compound is purified by chromatography. 

Example 39 



3.6.9-Tris-carboxymethyl-4-(5.6-dihydroxy-3-oxa-hexyl|-3.6.9-triazaundecanediacid 

(a) 2-(4-(2,2-Dimethyl-1.3-dioxolan-4-yl)-3-oxabutyl)-3-oxo-1.7-bis-triphenylmethyl-1.4.7-triazaheptar^e 

^irsi alternative 

' 2-{2-Hydroxyethyl)-3-oxo-1.7-bis-(triphonylmethyl)-t.4,7-triazaheptane (10 mmol. Example 38(a)3 is dis- 
solved in dry tetrahydrofuran (50 ml) and 10 mmol sodium hydride is added. When gas evolution slops at 
ambient temperature, tetrabutylammonium Iodide (1 mmol) and 4-bromomethyl-2.2-dimethyl- 1 .3-d*oxolane 
(10 mmol) is added. After stirring al ambient temperature for 24 hours, the solvent is evaporated, the product 
is dissolved in ether, the ether phase is washed with water, dried with sodium sulphate, filtered and the solvent 
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evaporated. The product Is purified by chromatography on silica. 
Second allernaUve 

The method described by J, M. Lacombe el al . Can. J. Chem.. 59(1981)473)3 employed as toiiows; 5 
2-(2-Hydroxye1hyl)-3-oxo-1.7-bls-(trlpheny(methyl)-1.4.7-trlazaheptane (10 mmol. Example 38(a)) Is dis- 
solved In acelonltrlle (or alternatively tetrahydrofuran or dimothylformamide) (50 ml) and cooled to -20" C. 
Trlfluoromethylsulfonlc acid anhydride (15 mmol) Is added, and then a solution of 2,2-dlmethyl-4-hydroxy- 
methyl-1.3-dloxolan (20 mmol) dissolved In the same sotvent Is added dropwlse. After 2 hours at -20" C. the 
reaction Is taken up to ambient temperature and stirred overnight. The sotvent Is evaporated and the product Is io 
purified by chromatography on silica. 

(b) 1 .5-DlamlnO' 1 ■(5.6-dlhydroxy-3-oxahexyl)-3-a2apentane hydrochloride 

The product of step (a) Is reacted to produce 1,5-dlamlno-1-(5.6-dlhydroxy-3-oxahexyl)-3-azapentane /5 
hydrochloride In a process analogous to that of step (c) of Example 36. 

(c) 3.6.9-Trlscarboxymethyl-4-(5.6-dlhydroxy-3-oxahexyl)-3,6.9-lrlazaundecanedlacld 

The product of step (b) Is reacted to produce the title compound In a process analogous to that of stop (c) 20 
of Example 9. 

Example 40 

25 

Gadolinium (III) chelate of N^.N^.NP-trlacarboxymethyl-4.8-blshydroxymothyl-3.69-tr m zaundecane diacid 
disodium salt 



(a) Gadolinium (lU) chelate of NJ,N^.N''-trls-carboxylmethy1-4.8-bl5benzyloxymethyl-3.6.9-tria2aundocane ;»0 
diacid-dlsodlum salt ~ 

N3.N*.N®-Trl3carboxymolhyl-4,8-bls-bonzyloxymethyl-3.69-trla7aundecane dIacId (0.50 g. 0.80 mmol) 
(Example 6) tn water (10 ml) was added dropwlse to a solution of gadolinium chloride (0.28 g. 0.80 mmol) in 
water (3 ml) at 70''C over 30 minutes. The pH was continuously adjusted with sodium hydroxide (2 M) to be J5 
within the range 5-7. The temperature was increased to SS^C for 2.5 hours. Gadolinium (III) chelate of 
N^.N*.N^-lris-carboxymQthyl-4.8-bl3bon2yloxymethyl-3.6,9-triazaundecane diacid-dlsodium salt was isolated 
by evaporation of the clear solution. Yield 0.81 g (990/o) of n clear oil containing sodium chloride (0.14 g. 2.4 
mmol). 

40 

(b) Gadolinium (III) chelate of N^.N'^.NP-trls-carboxymethyl-4.6-bishydroxymethyl-3,6.9 - 1riazaundecanG 
diacid-dlsodium salt 



To Gadolinium (111) chelate of N^,N*'.N®-tri3-carboxymoihyl-4.8-bisbenzyloxymethyl-3.6,9-iriazaundecano 
diacid-disodlum salt (0.81 g. 0.79 mmol) (containing 0.14 g sodium chloride) in methanol (25 mi) was added 45 
ammonium formate (0.30 g) and 10<*/o Palladium on carbon (0.40 g) at 50**C and the mixture was stirred for 17 
hours under a nitrogen atmosphere. The solution was filtered and evaporated. The title compound was isolated 
as a white powder. Yield 0.56 g (830/o) (containing sodium chloride (0.14 g)). f^.p. greater than 350" C. 

Example 41 50 

Bismuth (III) chelate of 3.6-bis-(carboxymethyl)-4-hyd(oxye. . 6-diazaoclane diacid mono-sodium-salt 

A neutral suspension of bismuth hydroxide was prepared by neutralisation of an acidic solution of bismuth 55 
chloride (120 mg. 0.37 mmol, 4 ml) with sodium hydroxide, followed by centrifugation of the precipitate and 
resuspension of the precipitate in water (4 ml). This solution was added to a neutral solution of 
3.6-bjs-(carboxymethyt)-4-hydroxyethyl-3.6-diazaoctane diacid (120 mg. 0.37 mmol) (Example 4) in water (4 
ml) and the mixture was stirred at 80"C for 16 hours, and refluxed for 4 hours. The clear solution was 
evaporated, and the title compound was isolated as a white solid. Yield 200 mg (990/o). M p. 250'X. 00 
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Claims 

5 

1. A compound of formula I 

X-CHB 1 -NZ-( CHR i )„- A-(CHR i )m-NZ-CHR t -X (I) 

(wherein each of the groups 2 Is a group -CHRiX or the groups Z together are a group 
fO -(CHRi)q-A'-(CHRi)r-, where A' Is an oxygen or sulphur atom or o group -N-Y; 

A Is a group -N-Y or A-(CHRi)m- represents a carbon-nltrooen bond or. when the groups Z together are a 

group -(CHRi)q-A'-(CHR i)r-. A may also represent an oxygen or sulphur atom; 

each Y. which may be the same or different. Is a group -(CHRi)p-N(CHRiX)2 or a group -CHRiX; 

each X. which may be the same or different, Is a carboxyt group or a derivative thereof or a group R t : 
rs each Ri. which may be the same or different, i s a hydroofl oatoro. a hydroxyalkyi group or an optionally 

hydroxylatod alkoxy or alkoxyalkyi group; 

n.m.p.q and r are each 2.3 or 4; with the provisos that at least two nitrogens carry a -CHRiX moiety 
wherein X Is a carboxyl group or a derivative thereof, that each -CHRiX moiety Is other than a methyl 
group, that unless A' is sulphur or A Is N-(CHRi)p-N(CHRiX)2 at least one Ri Is other than hydrogen, and 
70 that where A and A' are groups N-CHRiX at least one CHRiX group is other than a CHjX^ group (where 

x3 represents a carboxyl group or a derivative thereof or a 2-hydroxyethyl or 2.3-dthydroxypropyl group)) 
or a salt or metal chelate thereof. 

2. A compound as claimed In claim 1 of formula la 
X-CHR 1 -NZ-(CHR i)2-NY-(CHR i )2-NZ-CHR t -X (la) 

25 (wherein each group Z Is a group -CHRiX or the groups Z together are a group -(CHR i )2-A'-(CHR 1)2-; 

each Y. which may be the same or difterent. is a group -(CHRi)2-N(CHRiX)2 or -CHRiX; and A'. X and R 1 
are as defined In claim 1 ) or a salt or metal chelate thereof. 

3. A compound as claimed In either one of claims 1 and 2 wherein at least one Ri in a moiety (CHRi),^. 
(CHRi)n. (CHRi)p, (CHRi)q. or (CHRi)r (where m. n. p. q, r and Ri are as defined in claim 1) is a 

JO hydroxyalkyi group or an optionally hydroxyiated alkoxy or alkoxyalkyi group, or a salt or metal chelaje 

thereof. 

4. A compound as claimed In any one of claims 1 to 3 wherein the Ri moieties, which may be the same 
or different, are hydrogen or Ci-e alkoxy. polyaikoxy. hydroxyalkyi. poiyhydroxyaikyl. polyhydroxyalkoxy. 
hydroxyalkoxyalkyt or hydroxypotyalkoxyalkyi groups, or a salt or metal chelate thereof. 

35 5. A compound as claimed in any one of claims 1 to 4 wherein at least one X moiety is an amide, ester or 

carboxylate salt, or a salt or metat chelate thereof. 

6. A compound as claimed in any one of claims 1 to 5 of formula lb. Ic. Id, le or If 
(XRiHC)2N-(CHRi)2-N(CHRiX)2 (lb) 

40 
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(XRj^HC) jN-fCHRj^) 2-N-(CHR^) j-NfCHR^X) j 



(Ic) 



CHRj^^ 



(XRj^HC) 2N-(CHR^) j-N-CCHR^) 2-N(CHRj^X) j 

(Id) 



CHRj^-CHRj^-N(CHR]^X) ^ 



chr^-n-chRj^-chr^-n-chr^ 



I (le) 

CHR, -N-CHR, -CHRt -n-chr, 
1 I 1 It 1 



CHRjX CHR^X 



CHRtX CHR,X 
,1 ,1 

CHR^-N-CHRj^-CHRj^-N-CHR^ 



I (If) 



chr^-n-chr^-chr^-o-chr^ 
(!:hr^x 



(wherein X and Ri are as defined in claim 1 and at least two X moieties are ion forming groups), or a salt or 
metal chelate thereof. 

7. A compound as claimed In claim 1 being 

N-carboxymethyl-N.N-bis-( (N'-carboxymethyl-N'-2.3-dihydroxypropyl)-2-aminoethyi)-amine; 

N,N.N-tri3-((N'-carboxymethyl-N'-2.3-dihydroxypropyl)-2-aminoethyl)-amine; 

3.6-b(3-(carboxymethyl)-4-hydroxyethyl-3.6-dlazaoctanediacid; 1-thia-4.7.10-tnazacyclododecane 
triacetic acid: 

N3,N*,N®-trls-carboxymethyl-4,8-bls-hydroxymelhyt-3,69-triazaundecanedlacld: 
N^,N'.N^0-trtcarboyvm6thy!-1,13-bishydroxy-5.9-bis-hydroxymethy!-4.7,10-trla2atridecane: 
N*-carboxymethyl-N-'.NS-bIs(methyl-carbamylmethyi)-4,8-bishydroxymethyl-3.6.9-triazaundecane 
diacid: 

3.6.9-tris-carboxymethyl-4-(2-hydroxyethyl)-3.6.9-tria2aundecane diacid; 

3.9-bis-(methylcarbamoylmethyl)-6-carboxymethyl-4-(2-hydroxyethyl)-3.6.9-tria2aurKjecanediacid; 

3.6-bis(carboxymethyl)-4-hydroxymelhyl-3.6-diazaoctanediacid; 

1 -(5-hydroxy-3-oxapentyl)- 1 .4,7.1 0-te traazacyclododecane-4 .7. 1 0-triacetic acid : 

1 -(8-hydroxy-3,6-dioxaoctyl) - 1 »4.7, 1 0-tetraazacyclododecane-4,7. 1 0-triacetic acid : 

1 -(2-hydroxy-propyl)- 1 ,4,7. 10-tetraazacyclododecane-4.7. 1 0-triacetic acid ; 

1- (3-hydroxy-propy!)-1. 4,7. 10-tetraazacyclododecane-4.7,1 0-triacetic acid; 
5.9-bis(hydroxymethyl)-1-oxa-4.7.10-triazacyclododecane-4,7,1 0-triacetic acid: 
5.9-bis(hydroxymethyI)-1-thia-4.7.10-trla7acyclododecane-4,7,1 0-triacetic acid: 

N«-carboxymethyl-N3.N*-bi3(2.3-dihydroxypropyl-carbamylmethyI)-4.8-bis(hydroxymethyl)-3.6.9-tria- 
zaundecane diacid; 

2- (2-hydroxyethyl)-l .4.7. 1 1-tetrakis-carboxymethyl- 1 .4.7, 1 1 -tetraazacyclododecane : 
3.6.9-triscart>oxymethyl-4-(5.6-dihydroxy-3-oxa-hexyl) -3,6.9-tria2aundecane diacxi : 
or a salt or metal chelate thereof. 
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8. A chelate as claimed in any one of claims 1 to 7 bei:*'ia.^.^nGl9te of a paramagnetic metal species. 

9. A diagnostic or therapeutic agent comprising a metal' chelate, whereof the chelating entity is Iho 
residue ot a compound of formula I as defined in claim 1. together with at least one pharmaceutical or 
veterinary carrier or excipient. 

10. A detoxification agent comprising a cnelatlng agent as claimed in claim 1 in the tdrm of a salt with a 
physiologically acceptable counterion, together with at least one pharmaceutical or velertnary'Carr|er or 
excipient. 

11 . A process for the preparation of compounds as claimed in claim 1. said process comprising at least 
one of the following steps: 

(i) reacting an amine of formula II 



R-,-N-(CHR, *) -A"-(CHRt M^-N-R^ (II) 
J I in X In I J 

Z • Z' 

(wherein Ro is a hydrogen atom or a -CHR'iX* group; X' and R'l are as defined for R ] and X in claim 1 
or are groups convertible thereto; each group T is a group -CHRTX' or an R3 moiety or together the 
groups Z' are a -{CHRi')q-A'"-(CHRr)f - bridging group where A*" is an oxygen or sulphur atom or a 
group -N-Y' where Y' is an R3 moiety or a group -(CHRt')o-N(R3)2; and A" is a group -N-Y' or 
-^"-fCHRi'lm is a carbon-nitrogen bond or. where the groups Z' together form a bridging group. A" 
may also represent an oxygen or sulphur atom; with the provisos that at least one R3 moiety is a 
hydrogen atom, that at least two amine nitrogens carry a hydrogen atom or a -CHRTX' moiety in 
which X' is convertible to a carboxyl group or a derivative thereof, and that each -CHRi'X' moiety is 
other than a methyl group) to introduce a -CHRtX moiety (where Ri and X are as defined in claim 1) 
at an amine nitrogen, followed If necessary by converting R' 1 or X' to R t or X ; 

(ii) converting a carboxyl X moiety in a compound of formula I into a carboxyl derivative or a 
carboxyl derivative X moiety in a compound of formula I into a carboxyl group: and 

(iii) converting a compound of formula I into a salt or metal chelate thereof or converting a salt or 
chelate of a compound ot formula I into a compound of formula I. 

12. Use of a^'compound of formula I or a salt or metal chelate thereof for the manufacture of a diagnostic 
or therapeutic agent for use in a method of image generation, detoxification or radiotherapy practised on 
the human or non-human animal body. 

13. A method of generating enhanced images of the human or non-human animal body, which method 
comprises administering to said body a diagnostic agent as claimed in claim 9 and generating an X-ray, 
MR-diagnostics. ultrasound or scintigraphic image of at least a part thereof. 

14. A process for the preparation of a metal chelate as claimed in claim 1. said process comprising 
admixing in a solvent a compound of formula I. or a salt or chelate thereof, together with a compound of 
said metal at least sparingly soluble in said solvent. 

1 5. A process lor the preparation of a diagnostic or therapeutic agent as claimed in claim 9 said process 
comprising admixing a metal chelate as claimed in claim 1 together with at least one pharmaceutical or 
veterinary carrier or excipient. 

16. A process lor the preparation of a detoxification agent as claimed in claim lO. said process 
comprising admixing a chelating agent as claimed in claim 1 in the form of a salt with a physiologically 
acceptable counterion together with at least one pharmaceutical or veterinary carrier or excipient. 
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